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CLINICAL AND EXPERIMENTAL 


THE VOLUME THICKNESS INDEX OF THE ERYTHROCYTE OF MAN* 


Russe.. L. Hapen, M.D., CLEVELAND, OHIO 


N ORMALLY, the erythrocyte of man is a biconcave dise with a remarkable 
constaney in shape and relationship of diameter to thickness. With a 


variation in volume of the cell, the changes in diameter and thickness are 
usually relatively equal. Thus, in the characteristic macrocytosis of pernicious 
anemia, both the diameter and thickness are increased, and in microcytie 
anemia the two dimensions are equally decreased. In certain clinical condi- 
tions, however, the normal relation between diameter and thickness is altered. 
With obstructive jaundice, the diameter increases at the expense of the thick- 
ness, so that the cell becomes flattened or less globular; in congenital hemolytic 
jaundice, the reverse takes place and the cell becomes more globular. The 
importance of this fact in the diagnosis of congenital hemolytic jaundice and 
of the relation of the shape of the erythrocyte to its resistance to hypotonic 
sodium chloride solutions has been discussed elsewhere.’ 

There is no satisfactory method for direct determination of the thickness 
of an erythrocyte. Emmons? measured the thickness of rouleaux of red cells 
in wet preparations and ealeculated the thickness after counting the number 
of cells in each rouleau measured. The thickness can be calculated, however, 
from ihe diameter and corpuscular volume. Von Boros* has prepared a three 
dimensional chart (Fig. 1) by which the thickness of an erythrocyte can be 
detert ined directly from the diameter and corpuscular volume. To caleulate 
the thickness, the intersection of the diagonal line, representing the measured 
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mean diameter, with the vertical line, representing the measured mean cor- 
puscular volume, is spotted. A line down from this point crosses the gradu- 
ated vertical line at the left at the mean erythrocyte thickness. 

The thickness of the erythrocyte is important chiefly because it allows 
exact determination of the shape of the cell, if the volume and thickness are 
known. Von Boros* suggested a ‘‘thickness index’’ to express numerically 
the relative thickness. He determined the ‘‘thickness index”’ by dividing the 
mean corpuscular volume as determined directly from the cell count and 
hematocrit reading by the mean corpuscular volume, as calculated from the 
mean cell diameter. The calculation of the mean corpuscular volume from the 
mean cell diameter is made by a rather complicated formula, evolved by von 
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-Three dimensional chart for calculating the thickness of the erythrocyte fro 
diameter and volume (after von Bores*) 


Boros and applicable only when a variation from normal in the diamet: 
accompanied by a similar and equal variation in thickness. 

A true ‘‘thickness index’’ should indicate only the thickness relatiy 
normal. The index suggested by von Boros takes into consideration 
volume and thickness, and so expresses numerically the tendency to glob 
form. In pernicious anemia, the thickness is increased with the macroey' 


but the diameter is equally increased. <A true ‘‘thickness index’’ would 


be greater than 1.00. Sinee the change in all dimensions is equal, how: 


the relative shape or globularity of the cell is unchanged. The index 
posed by von Boros is accordingly best termed the volume thickness it 
since it shows the relation of volume and thickness relative to normal. 
volume thickness index is defined as the relation between the measured 
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corpuscular volume and the calculated corpuscular volume of a cell corre- 
sponding to the measured mean diameter and having the normal relation be- 
tween diameter and thickness. If the volume thickness index is greater than 
1.00, the cell is thicker than normal in relation to diameter and volume, and 
so is more globular than normal; if the index is less than 1.00, the cell is 
thinner than normal in relation to diameter and volume and thus is less globu- 
lar than normal. The absolute thickness of a cell is best expressed in relation 
to the absolute diameter as the diameter thickness ratio. 
A B ; ; E FE 
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KF 2 Nomogram for calculating the indices of the erythrocyte from the number, the 
nemog! n and the hematocrit value of the erythrocyte. The mean diameter can also be cal- 
culate from the red cell count and hematocrit reading (after Warburg). 

lie volume thickness index can be calculated much more simply than as 
described by von Boros if a nomogram (Fig. 2) showing the volume index 
corresponding to the cell diameter is employed. It is estimated as follows: 

] etermine the mean corpuscular volume in cubie microns and the volume index of the 
unknown blood. 

~. \leasure the diameter of at least 200 red cells and caleulate the mean erythrocyte 


diamet: f the unknown blood. 
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3. Column D in the nomogram shows the volume index of the erythrocyte correspondin, 
to different diameters. Find the volume index corresponding to the measured mean erythro 
cyte diameter of the unknown blood. 

+. The mean corpuscular volume corresponding to the volume index is calculated by 
multiplying the normal mean corpuscular volume by the volume index. Calculate the mean 
corpuscular volume of the unknown blood by multiplying the normal mean corpuscular volun 
by the volume index found corresponding to the measured mean diameter of the unknown 
blood. 

5. Calculate the volume thickness index (V-T 1) by dividing the mean corpuscular 
volume of the unknown blood, as determined directly from the cell count and hematocrit 
reading, by the calculated mean corpuscular volume corresponding to the measured mean 
erythrocyte diameter. 
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Fig. 3.—Cross-section diagrams of the mean erythrocyte in various clinical conditions 
ILLUSTRATIVE CALCULATION 


Normal mean corpuscular volume — 90 cubic microns 
Normal erythrocyte diameter = 7.7 microns 
Normal erythrocyte thickness — 1.95 microns 
Normal diameter thickness ratio = 7.7:1.95 or 4:1 
Normal volume thickness index = 1.00 
Mean corpuscular volume of unknown blood = 8] cubic microns 
Mean erythrocyte diameter of unknown blood — 6.5 microns 
Mean erythrocyte thickness of unknown blood = 2.45 microns 
Diameter thickness ratio of unknown blood = 6.5:2.45 or 2.6:1 
From the nomogram the volume index of a cell with a diameter of 6.5 microns 
umn C) is 0.60 (Column D) if the thickness is decreased equally with the diameter 
corpuscular volume of this cell is 0.60 x 90 = 54 cubie microns, 


The volume thickness index (V-T 1) — 81/54 — 1.50. 


SUMMARY 
Knowledge of the exact measurements for all three dimensions 0 
mean erythrocyte may be of clinical value. 
The thickness of a cell may be calculated if the diameter and volum 
known. 
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The relation between the diameter and thickness is best expressed as the 
diameter thickness ratio. 
The volume thickness index expresses numerically the tendency to globu- 


lar form or the spherocytosis of the erythrocyte. 


TABLE I 
TYPICAL CELL MEASUREMENTS 


ERYTHROCYTE 
VOLUME COR- 
DIAMETER | RESPONDING TO, VOLUME 
VOLUME THICKNESS MEASURED THICKNESS 
CUBIC peeing fapeeamnenity ae saaiauen INDEX 
MICRONS MICRONS 
MICRONS CUBIC 
MICRONS 
Normal 90 . 9: : 90 1.00 
Pernicious anemia 135 8S : : 139 0.96 
Microcytic anemia 63 i 4: 69 0.91 
Obstructive jaundice 92 ! 4; 125 0.75 
Chronic hemolytic 
jaundice 90 6.18 3.02 2: 47 1.92 


MEAN ERYTHROCYTE 


Methods for determining these measurements have been furnished and 


typical findings recorded. (Typical measurements in several clinical eondi- 


tions are shown in Table I, and a cross-section view of cells corresponding to 


these measurements in Fig. 3.) 
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INTRODUCTION 








HE proper treatment of pulmonary moniliases is, at present, an uncer 


tainty. Lodine, iodides, gentian violet, and thymol have all been used with 






varying degrees of success. The need for laboratory experimentation is ap 






parent. Thymol was the agent chosen for this study because it was the most 






active of any tried in preliminary test tube experiments. 






The value of thymol as a bactericidal agent has long been known. More 






recently its fungicidal action has also been recognized. But in the treatment 






of disease the drug has been used primarily as an anthelmintic. Its use in 






other types of infection is still in the experimental stage 






A paper by Myers and Thienes, 1925, reports favorable results from the 





use of thymol in the treatment of fungous infections of the skin. In the treat 














' ment of two cases of pulmonary mycosis the results were contradictory. A 
later paper by Myers, 1927, gives data on the fungicidal properties of thymol 
and volatile oils in vitro. Thymol was the most active of any of the sub- 
stances which he used. Mitchell in an address, 1927, expressed substantiation 
of the results of Myers and Thienes in the treatment of skin lesions. But aside 
from these reports the literature is devoid of information concerning the pos- 
sible value of the drug in the treatment of mycoses. 
With the standardization of morbid and lethal doses of Monilia albicans 
and candida for rabbits (Stovall and Pessin, 1933), it has become possible t 
measure the effects of thymol on the progress of infection. This is what has 
Fi been attempted in the work herein reported. Studies on the fungicidal action 
of thymol in vitro and on some aspects of the pharmacology of thymo! for 
: rabbits were undertaken also in order to lay a more solid foundation for the 
| investigation of prophylactic and therapeutic value. 








THE INHIBITORY AND CIDAL ACTION OF THYMOL ON MONILIA SPECIES 


The value of a drug in the treatment of infectious processes lies in 
] 






ability to cause the death of the invading organisms, directly, by act 





the organisms or, indirectly, by checking their multiplication and al!owing 






the natural cidal agencies of the host to act upon them. The inhibitory 






—— oe 


cidal action in laboratory media or aqueous suspensions, while not a} 
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of the same reactions in an animal host, may nevertheless serve to indicate 


whether such reactions are at all possible. 
CIDAL ACTION 
The procedure to determine what concentrations of thymol would kill 
monilias and what period of time was necessary for the action was as follows. 


Cultures were grown in 1 per cent glucose broth in centrifuge tubes for 


forty-eight hours, after which the growth was thrown down, the supernatant 


liquid removed and the appropriate strength of aqueous thymol solution 


added. Portions of the resulting suspension of organisms were removed at 
stated intervals to malt agar and glucose broth to test for viability. Six cul- 
tures were used throughout; two of Monilia parapsilosis, two of M. albicans, 
and two of M. candida. The thymol was allowed to act at 25° C, 

One to one thousand,* 1:2,000, and 1:5,000 dilutions of thymol were used 
for intervals of 1, 2, 5, 10, 15, 60, and 120 minutes with the following results: 
The 1:1,000 concentration killed five cultures in less than one minute, and 
all of the cultures in less than five minutes. The 1:2,000 concentration killed 
the two M. candida cultures in less than five minutes, the two M. albicans eul- 
tures in less than fifteen minutes, but failed to kill completely both of the 
cultures of M. parapsilosis. 

In an attempt to determine the effect of the presence of NaCl in the re- 
acting mixture of cells, thymol, and water, the thymol was dissolved in sterile 


0.9 per cent NaCl solution, and the experiment continued in the manner Just 


TABLE ] 


WrH ON MALT AGAR OF MONILIA CULTURES SUBJECTED TO THE ACTION OF AQUEOUS THYMOL 
SOLUTION AND THYMOL DISSOLVED IN 0.9 PER CENT SopIuM CHLORIDE SOLUTION 


TIME IN THYMOL SOLUTION 
CONCENTRATION 
OF 
THY MOL WITH WITHOUT WITH WITHOUT WITH WITHOUT 
NACL NACL NACL NACL NACL NACL 


Ll MINUTE 5 MINUTES 15 MINUTES 


-1000 om - - on 
-POO0 j ‘ f. { 1 
- 1000 " ‘ - 
-POO0 
- 1000 
-2000 
- 1000 
-PO00 
> 1000 
:2000 
> 1000 
-2 000 


ymol action at 25°C. Incubation of malt agar at 37°C, 
iks from the suspensions of organisms in salt solution without thymol showed growth 


licates growth. 

icates no growth. 

licates culture of Monilia parapsilosis. 
licates culture of M. albicans. 

licates culture of M. candida. 


gs gram of thymol will dissolve in one liter of water at 37°C., after three to four days. 
oo t ol is volatile, the resulting solution may not represent quite a 1:1,000 concentration, 
but wil designated as such for the purpose of comparison. 
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tions of the suspension of organisms to malt agar at one-minute, five-minute, 
and fifteen-minute intervals. Controls consisted of suspensions of the organ- 


isms in thymol solution without salt and in salt solution without thymol. 
Table I gives readings from the malt agar streakings after four days. With 
only one culture, A8, was there any difference between the survival in thymol 
solution with salt and a similar solution lacking salt. It may be coneluded, 


therefore, that the presence of NaCl has little effect upon the cidal power of 


thymol in aqueous solutions. The greater resistance of Monilia parapsilosis 
to the more dilute solution is of academic, if not practical, interest. In general, 
it would seem that thymol in concentration of 1:1,000 kills in less than one 
minute the three species of Monilia with which we deal. 


INHIBITION 


Cultures of Monilia are most commonly grown in this laboratory on malt 
agar or in 1 per cent glucose broth. These media are favorable for abundant 
growth. The addition of thymol to these media would, therefore, be a means 
of determining the inhibitory concentrations. Aceordingly, amounts of the 
1:1,000 aqueous solution were added sufficient to afford concentrations of 
1:5,000 and 1:10,000 in the malt agar and glucose broth. A 10 per cent alco- 
holie solution was utilized in producing concentrations of 1:1,000 in the two 
media. The pH of the malt agar was 6.0; that of the glucose broth, 7.6. After 
inoculation, observations to detect growth were made from time to time over 
a period of two weeks. Brom-thymol-blue was added to the glucose broth to 
facilitate the detection of growth, since all of the cultures used readily pro- 
duce acid (and gas) in this medium. From those tubes in which an acid 
reaction appeared, wet mounts were made for microscopic examination to 
rule out the possibility of a contaminating organism having been responsible 
for the production of the acid. Control tubes without thymol were also set up. 

The results may be briefly stated. A concentration of thymol amounting 
to 1 part in 5,000 parts of malt agar inhibited growth for a period between 
forty-eight hours and four days; oceasionally longer. In glucose broth, in- 
hibition by this concentration was complete over a two-week period for 1s 
of the 19 cultures used in the experiment. The remaining one showed no 
growth at the end of the first week, but developed during the second week. 
Transfers from these tubes at the end of two weeks to glucose broth without 
thymol resulted in growth in every case, showing that the organisms had not 
been killed by the 1:5,000 concentration but merely prevented from growing. 

It was desirable to see what effect the pH of the media might have upon 
the inhibitory power of thymol. For this purpose the malt agar was made up 
at a pH of 7.8 as well as 6.0, and the glucose broth at 6.2 and 7.8. With both 
media, inhibition was slightly aided by the alkaline reaction, but the «iffer- 
ence was not striking. A thymol concentration of 1:4,000 was completely in- 
hibitory for two weeks (the duration of the experiment) at both hydrogen 
ion concentrations. 

Since inhibition or cidal effect in the presence of body fluids would |: the 
test of the value of thymol in infectious processes, an experiment using t!:vmol 





deseribed, using 1:1,000 and 1:2,000 dilutions of thymol and removing por- 
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in rabbit serum was also conducted. Due to the fact that a saturated aqueous 
solution of thymol contains only one part in a thousand, it was impracticable 
to prepare a thymolized serum having a greater concentration than one part 
of thymol to 5,000 of 4/5 serum, for the addition of more than one part in five 
of the aqueous solution would dilute the serum to such an extent as to destroy 
the value of the experiment. Hence the experiment consisted of tubes con- 
taining four parts of rabbit serum and one part of a saturated aqueous solu- 
tion of thymol; with the same mixture lacking in thymol and with 1:5,000 
thymol in glucose broth as controls. Three cultures, representing the three 
species of Monilia were used for inoculation. All of the tubes except the thy- 
molized glucose broth tubes showed growth within twenty-four hours, indieat- 
ing that a concentration of thymol of one part in 5,000 of serum does not 
inhibit multiplication of these organisms. 


SOME ASPECTS OF THE PHARMACOLOGY OF THYMOL FOR RABBITS 


The following work was undertaken to determine how large a dose of 
thymol rabbits can stand without injury, what proportion of it is absorbed 
from the alimentary tract, and how long it remains in the system. Relatively 
little work of this kind has been done with rabbits. Work by Livingston, 
1921, indicates that these animals can endure a single dose of 2 grams of 
thymol for every kilogram of body weight; but he does not describe post- 
mortem findings; and there is no suggestion in his work as to what the effect 
of frequent, repeated doses might be. Seidell’s work, 1915, gives data on 
absorption and retention for dogs and human beings. He found that prae- 
tically the whole of the amount administered was absorbed, since only negli- 
gible amounts could be detected in the feces, and that that which was excreted 
in the urine passed off chiefly within twenty-four hours after the dose had 
been given. While it is probably safe to infer that rabbits would react simi- 
larly, we have nevertheless done work of the same kind with these animals. 

The thymol was fed in olive oil solution through a rubber catheter acting 
asa stomach tube. Quantitative estimations of the amounts excreted in the 
urine were made from day to day by the following method: Sulphurie acid 
was added to the urine in the amount of 10 per cent by volume. The mixture 
was steam distilled, the distillate extracted with ether, the ether evaporated, 
and the residue, consisting almost entirely of thymol (confirmed qualitatively 
by Lustgarten’s test*) was weighed. The feces of two animals were similarly 
tested. After varying numbers and sizes of doses had been administered, the 
animals were killed and examined for gross and microscopic pathology. 

It was desirable to determine the largest dose which could be tolerated 
repeately without ill effect, since upon the size of dose would depend the 
toncentration in the blood and henee the efficacy of the drug. 

Afier considering the figures in Livingston’s paper (1921), we decided 


that a dose of one gram of thymol per kilo of body weight would be a sensible 
beginni 
lethal j 


Cteteettieieees 


It was found, however. that while a dose of this order was not 
vas deleterious to the well-being of the animal. The two rabbits fed 


The Ne per cent KOH added. Mixture warmed. A few drops of chloroform added. Shaken. 
1€ appe nce of a violet color indicates the presence of thymol. 
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with this amount of thymol lost in weight, excreted urine dark in color for a 


week after the dose had been given, and moped in their cages. One of them, 






T 2, also showed marked tissue changes at autopsy (Table IL). This behavior 






led us to make more careful examinations of the urine of animals subsequently 





used in the experiments. Thymol recovery was made from only half of each 






sample; the amount recovered was multiplied by two to represent that which 






was present in the total sample. (The figures in Table II give the corrected 









LI 


ADMINISTRATION TO NORMAL RABBITS 


TABLE 














THYMOL 
















AMOUNT 
THY MOL RECOVERED AMOUNT TIME BETWEEN 
wT. GIVEN FROM URINE | RECOVERED | TIME OF LAST 
RABBIT IN GRAMS PER GRAMS PER | FROM FECES DOSE AND PATHOLOG\ 
GRAMS KILO KILO GRAMS, KILLING 
BODY WT. BODY WT. TOTAL DAYS 









3220 | 1.0 0.266 0.028 4 345 g. loss in wt. No 
gross pathology 









3750 | 1.0 0.222 0.020 16 Fatty changes in liver 
and kidney. Kidneys 
congested 






















Albuminuria. Tissues 
like T 2 but to lesser 


degree 


done 















T 3 | 3800 | 0.5 - 0.135 Not done Saved for fur-| Urine normal 
' 0.5 = 0.122 Not done ther experi 
' 0.4 5 0.037 Not done ments 
0.5 = 0.159 Not done 
0.4 - 0.096 Not done 






j T 5 | 2559 | 0.4 al 0.028 Not done |Saved for fur-) Albuminuria (due to 
0.4 4 a 0.041 Not done ther experi pregnancy ) 
0.3 4 ea 0 Not done ments 

a 0.4 Pp 0.088 Not done 
0.4 a 0.040 Not done 

















4 071 done Urine: Albumin nega 
0.4 sialic 0.042 Not done tive throughout; re 
0.4 = nis 0.086 Not done ducing sugar pres 
0.4 = = 0.089 Not done ent; epithelial cells 
0.4 = : 0.099 Not done and leucocytes pres 
0.4 _ 0.097 Not done ent in small number. 
0.4 0.065 Not done Autopsy showed ne 






abnormalities 










values.) The other half of each sample was used for albumin and redu 
sugar analyses and for microscopic examinations. Only two distillations ol 






feces were performed because the amount excreted by this route was found 





6 ete 2 2 eT 


to be negligible. The ether extract of the steam distillate of normal urine was 






also negligible in amount; hence the residue from ether evaporation of t!:ymol 






urine is reported as pure thymol. 

Doses of 0.5 gram per kilo of body weight were next investigated. The 
first rabbit (T 3) to receive such a dose was observed for a period of three 
days following the initial thymol feeding. During this time the rabbit aie and 
All of the thymol recovered from the uri» was 






a I 









appeared otherwise normal. 
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found in the first twenty-four-hour sample. Slightly more than 25 per cent 
of the amount administered was thus obtained. The animal lost 50 g. dur- 
ing the three days, not a significant loss for so large an animal. Daily doses 
of the same size were then given for four days. During this time the rabbit 
ate normally, but the urine output was depressed, averaging 96 ¢.c. daily as 
opposed to an average of 203 ¢.c. before thymol dosage was begun. Also the 
color of the urine was darker during the period of thymol administration. 
Hight days after the last feeding the urine was again normal in quantity and 
appearance. 

While the dose of 0.5 gram per kilogram of body weight was not markedly 
deleterious, the depressed amount of urine, abnormally dark in color, seemed 
evidence of some ill effect. The dose was therefore cut to 0.4 gm. per kilo. 
Rabbit T 5 received daily doses of this amount for five days. Rabbit T 6 re- 
ceived the same sized dose every other day for two weeks. 

Rabbit T 5 showed consistent albuminuria, but this was probably due to 
pregnancy which was not discovered until later. The five young born seven 
days after the last dose of thymol were normal in size, but lived only two days, 
probably due to neglect on the part of the doe. The urine of rabbit T 6 gave 
no evidence of any pathologie condition. The blood nonprotein nitrogen of 
both rabbits remained within the limits of normal variation during the entire 
period of observation. Indications were that doses of 0.4 gram per kilo of 
body weight were not appreciably injurious. 

It remained to determine whether there was a persistent uncomfortable 
irritation of the alimentary mucosa by the thymol. Rabbit T 4 was killed 
twenty-four hours after the administration of a large dose. There was no con- 
gestion or other abnormality of the mucosa or of the kidney. Later, rabbit 
T 3 was also given a large dose and was killed after four hours. This animal 
likewise showed no evidence of irritation. 

Incidentally two random attempts were made to determine the concentra- 
tion of thymol in the blood some time after giving the doses. In the first 
instance 40 ¢.c. of blood were drawn from the heart and steam distilled thirteen 
hours after the forced feeding of a dose aggregating 1 gm. per kilo of body 
weight. No detectable amount was recovered. In the second instance the 
rabbit was killed four hours after it had received a similar dose, and 100 e.e. 
were drawn from the heart. In this case the liver was removed, as well, and 
ground up with sand in a mortar, preparatory to steam distillation. The 
blood yielded 0.011 gm., indicating a concentration of approximately 1:10,000. 
The liver yielded 0.017 gm. That the product recovered from the steam dis- 


tillation was thymol and not some other ether extractive was affirmed by the 
Lustgarten qualitative test. 


Since the concentration in blood and tissues was so low even after the 


administration of a large dose, and since the thymol exists in the animal or- 
ganisi: in compounds the efficacy of which for the destruction of Monilia is 
not kn wn, the therapeutic value would seem by a priori reasoning to be dubious. 
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STOVALL ET AL.: EFFECT OF THYMOL ON RABBIT MONILIASES 


EFFECT OF THYMOL INFECTIONS CAUSED BY MONILIA ALBICANS 


The experiments concerned with the effect of thymol on rabbit moniliases 
were conducted as follows: 

For infection purposes, culture 4,135 of Monilia albicans was grown in 1 
per cent glucose broth for thirty-six hours. It was then centrifuged and taken 
up in saline solution. The organisms were counted by means of a blood count- 
ing chamber. Volumes calculated to hold the necessary numbers of organisms 
were injected intravenously. 

A dose of thymol in olive oil was administered by the stomach tube 
method, previously deseribed, one hour before the organisms were to be in- 
jected. In some cases the dose was repeated at one- or two-day intervals. 

Autopsies were performed as indicated in Table III. Cultures on malt 
agar were made from bile and urine. Kidney and liver tissue, and sometimes 
pieces of other organs, were fixed, sectioned, and stained for the study of 
microscopic pathology. Hematoxylin and eosin were used on some sections, 
and a Gram stain, to reveal the presence of Monilia, was used on other see- 
tions of the same tissue. 

Except for the three animals listed at the end of Table III, results are 
given in an order based upon the length of life of the rabbits following injec- 
tion. The last three animals were given massive doses to determine whether 
thymol had any effect upon a very rapidly fatal infection. The results were 
not striking enough to be conclusive. 

Apart from the inconsisteney in the virulence of the culture it seems clear 
that the administration of the thymol one hour prior to the injection of the 
organisms had no regularly beneficial effect. While there appeared to have 
been some diminution in the number and severity of lesions in the eases of 
rabbits T 7, 9, 11, 13, and 31, as compared with their controls, nevertheless 
rabbits T 23, 27, 32, and 33 showed more severe moniliasis than their controls. 
Variability in size of inoculum did not seem to be responsible for the differ- 
ences in reaction of the animals; both those seemingly benefited by thymol and 
those definitely not benefited were infected by doses of diverse sizes. The 
frequency of dosage also seemed to make no difference. The cause of the 


variation in behavior is, therefore, not known. In our work thymol has not 


proved to be an effective therapeutic agent against experimental moniliasis. 


SUMMARY 


1. Investigations on the cidal properties of thymol for Monilia species 


showed that a saturated aqueous solution at 25° C. would kill all cultures in 


less than five minutes and most of them in less than one minute. 
2. The presence of NaCl in a concentration of 0.9 per cent in the thymol 
solution had little or no effect upon the cidal action of the drug. 


3. 'hymol in a concentration of 1:5,000 in glucose broth inhibited for two 


Weeks the growth of 18 of the 19 cultures investigated, but did not kill them. 
Growth of the remaining culture was inhibited for one week. The same con- 


Centration incorporated into malt agar inhibited growth during a shorter 
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period, ranging from forty-eight hours to four days. A concentration of 
1:4,000 was completely inhibitory for two weeks in both media, both at pH 
6.0 and pH 7.8. 

4. Thymol in 1:5,000 concentration in rabbit serum showed no tendency 
to inhibit the multiplication of the three species of Monilia. 

5. Rabbits are apparently able to tolerate without serious ill effects daily 
doses of thymol amounting to 0.4 or 0.5 gram per kilogram of body weight, 
administered in oil through a stomach tube. Absorption is apparently com- 


plete, since only negligible amounts can be recovered from the feces. Appre- 


ciable amounts can be recovered by the steam distillation of the acidified 
urine. Demonstrable quantities can also be recovered from the blood and liver 
four hours after administration of the dose. 

6. Giving thymol in the way described above, one hour previous to the 
intravenous injection of Monilia albicans and at daily or bidaily intervals 
thereafter, had no consistently inhibitory effect upon the progress of the 
infection. 
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A STUDY OF SOME OF THE FACTORS INFLUENCING THE 
SEDIMENTATION TEST* 


Frep BoerNER, V.M.D., AND Harry F. Furperrn, B.S., M.D., PHILADELPHIA, PA. 
WITH THE TECHNICAL ASSISTANCE OF REBECCA GOODMAN, L.T. 

HE purpose of this work is to investigate further some of the inherent vari- 

able factors that are known to influence the sedimentation rate of the ery- 
throcytes. In this investigation the concentration of the erythrocytes, the 
position of the sedimentation tube, and the time interval between the collection 
of blood and the starting of the test are considered, The extent to which these 
factors influence the sinking rate of the cells is determined and the metheds that 
were used to make the extrinsic condition normal are presented, 

The selection of the Westergren tube for this investigation was made be- 
cause it was believed that by its length of 200 millimeters slight variations be- 
came more noticeable. The greater length of this tube allows the cells to sink 
a greater depth thereby prolonging the first phase of the sedimentation phe- 
nomenon, This assumption is based upon the generally accepted interpretations 
of the various parts of the sedimentation curve. Indeed all tests showing normal 
or abnormal rates will, if carried over a sufficient time, show some sort of curve 
when the readings are made at intervals and plotted against time. This curve is 
usually divided into two phases, the first being that part of the curve repre- 
senting the rapid and orderly sinking of the cells, and the second, a progressive 
slowing of the rate due to the concentration and packing of the cells in the 
bottom of the tube. It is the general belief that the first phase is the significant 
one in determining the actual rate of cell descent. For this reason the sedimenta- 
tion index should be determined during or at the end of this phase. By using 
the Westergren tube with a column of 200 mm., we rarely find the first phase to 
end before the end of the first hour. 

The choice of a saturated solution of potassium oxalate as an anticoagulant 
was made because the use of one drop of it (necessary to prevent the coagulation 
of 8 to 10 ee. of blood) rendered the dilution factor negligible. According to 
Rubin and Smith’ the cell volume suffers less alteration in oxalate than in ci- 
trate. Osgood and Haskins? have recommended the amount of oxalate used 
above. In a series of preliminary comparative tests there was no appreciable 


difference between potassium oxalate and 3.8 per cent sodium citrate. 


THE CORRECTION OF THE CELL CONCENTRATION 


Using the method and suggestion of Walton® a series of sedimentation tests 
Was coudueted before and after correcting the erythrocyte concentration. The 
method calls for 8 to 10 ¢.c. of blood obtained by vein puncture. The blood is 


—,. 


Clini *From the Laberatory of the Graduate Hospital and the William Pepper Laboratory of 
ca ledicine. 
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immediately placed in a test tube containing one drop of a saturated solution o 


potassium oxalate. 


is done. If the concentration of cells is between 4.5 and 5.5 million per e. 


no correction is made as the cell concentration ts considered normal. If. 


After thoroughly mixing the contents, an erythrocyte count 


mim. 


] 
how 


ever, the count is below 4.5 or above 5.5 million, a correction is made to brine 


COMPARISON 


OF SEDIMENTATION BEFORE 
CENTRATION 


DIAGNOSIS 


Rheumatic fever 
Rheumatic fever 
Pregnancy 
Coronary disease 
Diabetes 

Nephritis 

Nephritis 

Vineent’s angina 
Coronary disease 
Cardiae disease 
Peptie ulcer 

Post partum 
Postpartum 
Pregnancy 
Pregnancy 
Osteomyelitis 

3rain abscess 
Coronary disease 
Rheumatic fever 
Pelvic inflammatory disease 
Urethral stricture 
Tuberculosis 
Cardiae disease 
Pelvic inflammatory disease 
Osteomyelitis 
Bronchopneumonia 
Appendiceal abscess 
Dermoid cyst 
Carcinoma of lip 
Burns, Ist and 2nd degree 
Subacute P.I. D. 
Chaneroid 

Ovarian cyst 
Carcinoma of ovary 
Acute P. I. D. 
Hypertension 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Fibroid uterus 
eR 

Retroverted uterus 
Undiagnosed 
Undiagnosed 
Pellagra 

Chronie nephritis 
Arthritis 

Metritis 

Fibroid uterus 
Nephrosis 


*Sedimentation rate the amount 


in millimeters 


TABLE I 


AND AFTER 
OF ANEMIC 


RED COUNT 
ORIGINAL 


4,000,000 
3,800,000 
3,000,000 
4,250,000 
£000,000 
3,000,000 
3,200,000 
$150,000 
$000,000 
4,000,000 
: 000 
: 000 

000 

000 

000 

000 
$000,000 
3,700,000 
$4,000,000 
4,100,000 
$4,000,000 
3,700,000 
$275,000 
3,800,000 
5,250,000 
3,890,000 
4,000,000 
$, 100,000 
3,850,000 
3,830,000 
3,410,000 
3,480,000 
3,750,000 
5,690,000 
5.840,000 
3,200,000 
.130,000 
.750,000 
3,350,000 
3,250,000 
3,860,000 
4,070,000 
3,370,000 
5,620,000 
3,650,000 
2,700,000 
3,610,000 
3,460,000 
1,900,000 
3,450,000 


sedimenta 


CORRECTING 
BLOOD 


RED COUNT 


COR 
RECTED 


5,100,000 
5,000,000 
$+, 800,000 
5,200,000 
5,250,000 
4. SO0,000 
5,100,000 
5,000,000 
5,100,000 
4,850,000 
5,100,000 
5,050,000 
5,000,000 
5 100,000 
4,900,000 
5,100,000 
5,000,000 
4,900,000 
5,200,000 
5,000,000 
4,900,000 
5,200,000 
5,000,000 
5,150,000 
5,000,000 
5,300,000 
5,020,000 
t,840,000 
4,850,000 
4,950,000 
5,250,000 
£850,000 
5,050,000 
5,300,000 
5,000,000 
5,250,000 
5,100,000 
5,100,000 
5,050,000 
4,800,000 
5,350,000 
5,100,000 
4,750,000 
4,900,000 
4,850,000 
5,200,000 
5,300,000 
4,940,000 
5,000,000 
4,780,000 


tion at the 


rHE 


ERYTHROCYTE C 


SEDIMENTA SEDIME> 
TION 
ORIGINAL 


end 


of 


RATE 


one 


TION 


CORRI 


hour 
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the concentration of the cells within the above stated limits. This is done simply 


by removing enough plasma to raise the concentration of the cells to the desired 


range,in bloods having cell counts below the normal range, or adding enough 
plasma to lower a cell concentration of higher than normal range. 

The technic of adjusting the cell concentration to the normal range is ear- 
ried out by using 5 ¢.c. of the sample. This blood is centrifuged sufficiently to 
clear enough plasma to make the correction. The amount of plasma to be re- 
moved or added depends upon the cell count in millions per eubie millimeter. 


TABLE II 


THE SEDIMENTATION RATE Wi1TH NorRMAL BLOoop 


SEDIMENTATION 
SEX R.B.C, RATE 


Female 5,500,000 
Female 5,050,000 
Female 5,200,000 
“emale 5,170,000 
“emale 1,750,000 
“emale 4,700,000 
“emale 5,800,000 
Female 4,850,000 
Female 4,490,000 
Female 5,100,000 
Female 5,000,000 
Female 4,850,000 
Female 4,750,000 
Female 5,100,000 
Female 5,100,000 
Female 5,200,000 
Female 4,900,000 
Female 5,000,000 
Female 5,200,000 
Female £,750,000 
Female 5,125,000 
Female £750,000 
Femzle 5,150,000 
Female 5,240,000 
Female 5,000,000 
Male 5,250,000 
Male 5,250,000 
Male 5,300,000 
Male 5,400,000 
Male 5,200,000 
Male 5,280,000 
Male 5,350,000 
Male 5,450,000 
Male 4,700,000 
Male 5,350,000 
Male 5,550,000 
Male 5,050,000 
Male 5,350,000 
Male 4,900,000 
Male 5,350,000 
Male 5,300,000 
Male 5,200,000 
Male 5,100,000 
Male 5,250,000 
Male 5,000,000 
Male 4,850,000 
Male 5,125,000 
Male 4,800,000 
Male 4,750,000 
Male 5,100,000 


Oo em & So CO 
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If the count is below 4.5 million, enough plasma is removed so that the remaining 
volume in ecubie centimeters equals the number of the millions in the eount, e.c.. 
if the blood is 3.5 million, 1.5 e¢.c. of plasma are removed, leaving a volume of 
3.0 ee. Or if the count happens to be 6.0 million, 1 ¢.e. of plasma from another 
sample is added to make a total volume of 6 ¢.c. After this adjustment the 
sample is well mixed and a count is made to check the correction. Two sedi- 
mentation tubes are used. One contains the uncorrected, the other the cor- 
rected sample. They are suspended in a vertical position. The readings are 
made simultaneously at the end of one hour. In Table I are the results of the 
observations on 50 patients having secondary anemia from various causes. These 
results should be compared with the observations on 50 normal individuals (25 
females and 25 males) whose cell concentrations were considered to be in the 
normal range (see Table IT). 


METHOD OF PLACING THE WESTERGREN TUBE IN A VERTICAL POSITION 


All the methods describing the test state that the sedimentation tube should 
be placed in an upright position. However it is felt that too little emphasis has 


been given this factor. Ponder* has demonstrated that a divergence from the 











Fig. 1.—A drawing of the Westergren tube suspended from a thumb tack. a, thumb tack; 
b, bent gem paper clip serving as a hook; ec, cotter pin: d, Westergren tube; e, the rubber bulb 
with a window. 


vertical position of 7.5 degrees will almost double the sedimentation rate when 
using a tube of 200 mm. length or more. Some of the racks especially made for 
holding the tubes are not constructed to insure a perfect vertical position. After 
the tubes are placed in the rack, designed to hold them vertically, the rack should 
then be placed upon a surface which is perfectly horizontal. To insist upon these 
details involves considerable time and pains upon the part of the operator. If 
adjustments are made to this end, they may not be reliable unless precision with 
proper instruments is used. This, however, is not practical when a perfect ver- 
tical position of the tube may be had by simply suspending it so that it hangs 
freely. A method was devised in the laboratory of the Post Graduate Hospital 
and is exceedingly simple. The vertical position is accomplished by suspending 


the sedimentation tube from a thumb tack by means of a small hook, made trom 


a Gem paper clip, and a snugly fitting cotter pin inserted into the upper en: ol 
the tube. After the tube has been filled to the 200 mm. mark with blood, the 
lower end is sealed by inserting it into a small rubber bulb. To facilitate slip) ing 


the bulb into position without disturbing the level of the column of the b!yod, 
it is moistened and a small window is cut into the wall near the blind end | see 


Fig. 1). 
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TIME INTERVAL BETWEEN COLLECTING BLOOD AND STARTING THE TEST 


Cooper,® Osgood and Haskins,’ and others state that the test should be done 
as soon aS possible after the blood has been collected. The limits of delay have 
been variously put from three to ten hours. It was deemed advisable 
to determine what extent various time intervals would influence the results as 
there was always some delay due to time consumed in correcting the erythrocyte 
concentration. The influence of standing was determined by obtaining sufficient 
blood from each of 25 patients to conduct six different tests, and from 10 patients 
to perform four tests. One test was started immediately, the others, one, two, 
three, four, and five hours after collection. The blood was allowed to remain in 
the test tube in which it was collected during the above delay periods. Before 
each test was started the blood was thoroughly mixed by shaking. Then the 


Westergren tube was filled to the mark, sealed with the rubber bulb and sus- 


pended so that it hung freely. The rate was determined by reading at the end 


of one hour. Table IIT contains the data from these experiments. 


TABLE ITI 


Errect OF TIME INTERVAL BETWEEN OBTAINING BLOOD AND STARTING TEST UPON SEDIMENTA- 
TION RATE 


AFTER | AFTER | AFTER | AFTER | AFTER 
IMMEDI-| yiRsT | SECOND) THIRD | FOURTH) FIFTH 
ATELY HR. HR. HR. HR. HR. 


DIAGNOSIS 


Postpartum 76 82 f 82 64 60 
Postpartum 56 50 36 34 22 20 
Postpartum 62 50 : 23 10 | 10 
Eclampsia 140 142 é 136 120 | 118 
Peptic ulcer 80 65 f 58 60 | 35 
Coronary disease 30 15 4 2 2 


Rheumatic fever 40 25 6 5 
Uleerative colitis 110 105 80 100 
Femoral thrombosis 86 80 5 
Chronie lymphatic leucemia 104 70 
Coronary disease 4 

Hodgkin’s disease 25 

Perinephric abscess 64 

Inguinal hernia 60 

Inguinal hernia 70 

Renal stone 54 

Rheumatic fever 42 

Pregnancy 

Pregnancy 

Coronary disease 18 

Osteomyelitis 

Tuberculosis 88 

Pelvic inflammatory disease 

Pelvic inflammatory disease 

Brain tumor 

Undiagnosed 

Undiagnosed 


Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
Undiagnosed 
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DISCUSSION 


The cases selected to observe the cell concentration variable were a group ot 
50 patients exhibiting secondary anemia from various causes. The purpose for 
this is to ascertain and study the change in the rate after adjusting the cells to 
normal range. Of the 50 eases giving abnormal sedimentation rates, 14 were 
normal after the cells were adjusted to normal limits. In all eases (see Table 
I) the sedimentation rate was lower after the cell concentration was adjusted 
to normal range. The differences between corrected and uncorrected bloods are 
not in any way proportional, as a group, to the degree of anemia. It follows from 
this finding that a mathematical formula, based upon a preliminary cell count 
and subsequent rate, designed to anticipate and correct the anemia factor is un- 
reliable. These results are in harmony with those of Walton® and others. I 
the corrected blood in our experiments is to be considered identical in every 
respect to an unmolested sample having a normal cell concentration, here is 
evidence showing that the sinking rate of solids in a liquid is partly influenced 
by the number present. 

The sedimentation rate obtained with the blood of 50 normal individuals 
ranges from 2 to + mm. for females and from 1 to 3 mm, for males. Various 
normals are reported ranging from 5 to as high as 26 mm. From our results and 
those of Walton, there is evidence suggesting that the higher normal rates 
reported by others were due either to a low erythrocyte concentration, or the 
sedimentation tubes were not in a vertical position during the test. 

Relative to the time interval between the collection of blood and starting 
the test, the evidence from our data indicates strongly that after one hour the 
rates become progressively slower and directly proportional to the length of de- 
lay. This is an interesting phenomenon which eannot be reliably ascertained 
unless other variables such as we have described are reduced to negligible. It 
also indicates, when the test is carefully performed in every other respect, that 
the inherent slowing due to delay may mask an otherwise increased rate. It Is 
best to perform the test within one hour after collection as tests started after two 
or three hours’ delay showed slight to marked effect upon the sedimentation rate 
(see Table IIT). 


CONCLUSIONS 


1. Observations upon a few of the inherent variable factors influencing the 
sedimentation rate are discussed. 


2. Correcting the erythrocyte concentration before conducting the sedimen- 
tation test, as suggested by Walton, greatly enhances the value of the test Dy 
ons 


putting the blood in a condition comparable with normals, allowing other 1 


for variation of sedimentation to show themselves. 


3. The position of the sedimentation tube during the test is diseussed, 
simple method is described for the placing of the Westergren tube in a v’ 


position. 
4. Sedimentation tests performed after a delay of two, three, or more 
show a slower sinking time than when made immediately. 
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SMILEY: SPECIFICITY OF THE DICK TEST 
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OBSERVATIONS RELATING TO THE SPECIFICITY OF THE 
DICK TEST* 


H. E. Sminey, M.D., Provipence, R. I. 


Sang the last four years all nurses admitted to training at the Charles V. 


Chapin Hospital have been ‘‘Dick tested’’ on entry. All those showing a 


positive reaction have been recommended for immunization. During the period 


from Dee. 3, 1929 to Nov. 22, 1933, 2,018 nurses were ‘‘Dick tested.’’ Of 
these, 722 (35.8 per cent) gave a positive reaction, 173 (8.6 per cent) gave 
a doubtful reaction, and 1,123 (55.6 per cent) gave a negative reaction. 
Of the 722 giving a positive Dick test, 87 began the immunization course. 
Ina great many instances severe reactions followed so that the course in these 
Table I shows in detail the record of the re-Dick tests 
made two weeks after the last inoculation. 


cases was stopped. 


Summarizing this table, it can 
be seen that of the 87 nurses immunized (whether complete course or not), 
36 (41.5 per cent) gave a positive re-Dick test; 15 (14.9 per eent) gave a 
doubtful re-Dick test; and 29 (33.3 per cent) gave a negative re-Dick test. 
Nine (10.3 per cent) were not tested. 


TABLE I 


SUMMARY OF RE-Dick Tests From Dec. 3, 1929, 


To Nov. 22, 1933 
R OF NUMBER OF 
ES INOCULATIONS 
IMMUNIZED RECEIVED POSITIVE 


RE-DICK TEST, 


NEGATIVE NOT TESTED 


99 


Tot (41.5%) 13 (14.9%) 29 (33.3%) 9 (10.3%) 


Dick tests are difficult to read. 


The Dicks state that the faintest redden- 
ing, ] 


m. or over in any diameter, indicates some degree of susceptibility to 


scarlet fever. We have followed this rule in reading our Dick tests. If the 
area 0! reddening is 0.5 em. in diameter, it is called 


ee 


1 em. in diameter 


eived for publication, July 2, 1934. 
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1.5 em. in diameter , and 1.8 em. or greater . All readings 


and ++-++ are considered positive; + or smaller are ealled doubtful and no 


area of reddening about the needle puncture wound negative. 

It seemed to us that the percentage of positive re-Dick tests was higher 
than was to be expected, and that suitable controls should be used. 

The original Dick technie ealls for the use of the Dick test solution with- 
out any control. Inasmuch as most immunologic tests are checked by controls, 
we began controlling the Dick test with the same solution heated to different 
temperatures. Since August, 1933, we have controlled every nurse’s Dick test 
with the same solution heated to destroy the toxin. The results of the con- 
trolled tests showed that it made little difference whether the toxin was de- 
stroyed by boiling temperature for one hour or antoclaving for two hours; 
the control test oftentimes was as positive as the test itself. In all, 116 nurses 
were tested. Of these, 70 nurses gave a positive Dick test, 33 gave a doubtful 
reaction and 13 gave a negative reaction. Of the 70 nurses giving a positive 
Dick test, the control tests were as follows: positive 46 (65.7 per cent), doubt- 
ful 21 (30 per cent), negative 3 (4.3 per cent). Of the 33 nurses giving a 
doubtful Dick test, the controls were as follows: positive 7 (21.2 per cent), 
doubtful 23 (69.7 per cent), negative 3 (9.1 per cent). Of the 13 nurses giving 
a negative Dick test, the controls were as follows: positive 1 (7.7 per cent 
doubtful 5 (38.5 per cent), negative 7 (53.8 per cent). To put it another way, 
out of 116 control tests, all of which should have been negative, 54 (46.5 per 
cent) proved positive, 49 (42.3 per cent) proved doubtful and only 18 (11.2 
per cent) proved negative. These results are very disconcerting and only tend 
to discredit the value of the Dick test. When a control gives the same reading 
as, or greater than, the test reading it throws a great deal of doubt upon the 
specificity of the reaction. Any scientific test, such as the Dick test, should 
be so controlled as to have the two solutions similar in all respects but one, 
and that one should be the factor in question, in this case the scarlet fever 
toxin. 

When it became so apparent that there was a question as to the specificity 
of the Dick test a correspondence was begun with the director of a very 
reliable biologie laboratory that is an authorized manufacturer of the Dick 
toxin under the Dick patent. The early part of our correspondence dealt 
with methods of destroying the Dick toxin, but it soon became evident that 
so far as this point was concerned we were ‘‘barking up the wrong tree.”’ 
The trouble was evidently not with the toxin. Our attention was then di- 
rected to the Dick test solution itself. The director furnished us with the 
formula of the Dick test solution as put out by his company. This solution 
consists of a buffered salt solution, containing phenol for a preservative. and 
scarlet fever toxin. Experiments were commenced using various controls 
and 12 laboratory assistants were used as subjects. The object of the expert 
ments was an attempt to find out why the control solution produced a reavtion. 

Preliminary experiments seemed to indicate definitely that the trouble 
lay in the diluent, because tests made using the diluent without the ‘oxin 
solution gave positive reactions. In analyzing these results we attacked the 
problem from 3 angles: (1) was the reaction due to the presence of plenol 
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which might act as an irritant? (2) was the reaction due to the pH of the 
buffer diluent? and (3) was the reaction due to irritation by potassium ions? 
Table IL lists the experiments tried out, investigating each of these question- 
able points. 

TABLE II 


BUFFER | BUFFER BUFFER 
0.37% | BUFFER WITH WITH WITH BUFFER) KCl NaCl 
PHENOL) WITH BUPFER WITHOUT powin one pare wirHowu! 1.14% ame 
IN | PHENOL PHENOL pH 7 PHENOL | PHENOL PHENOL PHENOL) ISO TONIC 
H,O pH 7 pH 7.2 pH 7.3 pl 7.4 pH 7.6 | TONIC 


It is interesting to note that the phenol solution alone gave practically 
no reaction, and also that the buffer solution plus phenol gave less severe 
reactions than the buffer solution without phenol. Our interpretation of 
this is that the phenol acts not as an irritant but as an anesthetic, by toning 
down the reaction. As to the question whether the reaction might be due to 
the pH of the solutions injected, seven different buffer solutions were pre- 
pared varying only in pH. The reaction of the Dick test solution, as approved 
by the Scarlet Fever Committee, has a pH of 7. This is apparently more 
acid than normal tissue fluids and the experiments cited above, were made 
to determine whether or not varying the pH affected the reaction. An 
analysis of the results given above tends to indicate that the pH, within these 
limits at least, has little or nothing to do with the reaction. In the other 
test experiment to determine whether or not potassium ions are irritating, an 
isotonic potassium chloride solution was substituted for the Dick diluent. This 
solution, as shown in the table, gives strongly positive reactions in nearly every 
instance. In this case, however, the concentration of potassium ions was much 
greater than that in the buffer solutions, so the experiment was repeated using 
the isotonie solution diluted 1:30 with distilled water, which made the econ- 
centration of potassium ions approximately the same as in the saline buffer 
used in the diluted Dick toxin. While all those tested remarked about the 
smarting, stinging sensation immediately experienced, no redness was present 
the next day, a result which tended to eliminate the potassium ions from 
suspicion. 

I all our experiments one fact has stood out prominently, namely the 
ineons‘aney of the results; in other words, duplicate, similar tests made on 
the same individual, after varying time intervals, gave different readings. 


Whetlr the initial Dick test in some way modifies the skin field, either by 


sensiti ing the skin area or by producing a local immunity, is a problem hard 
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to solve. Of course, if only one test is made on an individual, and if that 
test is not controlled, no comparison can be made and the resulting reading 
of that solitary test stands unchallenged. It is only when controlled tests 
are made and when re-Dick tests are done that the inconstant and varying 
readings are disclosed which obscure the interpretations. 

At this point in our studies it seemed perfectly clear that pseudoreactions 
occur using the standard Diek toxin solution. Further experiments were 
done using the standard solution as purchased on the open market from an 
authorized laboratory. A duplicate amount of Dick toxin solution was pur- 
chased and this was autoclaved at 15 pounds pressure for one hour to destroy 
the toxin. Dick tests were performed on 95 nurses using these two solutions. 
Of the 95 tests, 22 (23.1 per cent) gave negative results with both the standard 
solution and with its control; 15 (15.7 per cent) showed positive readings 
with the standard solution and negative readings with the heated control; 
16 (16.6 per cent) gave readings in the control which were weaker than the 
test readings, which would tend to modify the degree of positivity of the 
test solution; and lastly, 42 (44.2 per cent) control tests gave the same read- 
ing as or greater than the standard. In other words 44 per cent gave false 
positives.* 

Another experiment was done comparing the standard Dick toxin solu- 
tion with the buffer solution containing no toxin. Fifty nurses were tested. 
Of these, 14 (28 per cent) gave negative readings with both solutions; 14 
(28 per cent) showed the control to be negative while the test solution was 
positive; 8 (16 per cent) gave weaker readings with the control than with 
the test inoculation, and 14 (28 per cent) showed readings in the control equal 
to or greater than the standard reading. In other words 28 per cent of the 
readings were false positives; apparently in these cases due to the influence 
of the buffer solution alone. 


Inasmuch as the Dick test is used as a criterion to determine susceptl- 


bility to searlet fever and also as an index of successful immunization, it 1s 


very essential that the test should be reliable so that its interpretation may 
be of some value. 

A study of all the experiments performed, clinched by these final two 
experiments, seems to demonstrate clearly the following conclusions: 

1. Dick tests should be controlled using the same solution heated : 
pounds pressure in the autoclave for one hour. 

2. Pseudoreactions occur which in some instances are apparently d 
the diluent while in other instances the reason is not so apparent. 

[ wish to acknowledge the generous cooperation furnished me by the director 
Biological Laboratory in this study. Also I wish to acknowledge the assistance offered 1 


my associates with whom the problems arising in the course of this study wer 


discussed, 


*Since this paper was submitted for publication (July 2) 295 more cases have be 
and the results tend to modify the percentages given above. The final classification 
295 cases is as follows: true positive reactions 73 (24.7%), true negative reactions 128 
modified positive reactions 40 (13.5%), and false positive reactions 55 (18.6%). 
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THE EFFECTS OF BLOOD TRANSFUSIONS ON DONORS* 
James W. Marvin, M.S., M.D., AND Joun T. Myers, M.D., Pu.D., OMAHA, NEB. 


INCE blood transfusion is a frequent therapeutic measure, the effects of 


‘ from a study of 


blood loss deserve consideration. Giffin and Haines, 
donors made at indefinite intervals after blood donations, coneluded that blood 
letting every four or five weeks was not harmful; that women developed 
anemia more rapidly and recovered more slowly than men; that 27 per cent 
felt improved in health; that 50 per cent gained weight and that studies of 
blood volume showed no change in plasma and cell volume. 

A study of effects from blood loss in donors has been made by Jones, 
Widing and Nelson.? In their study of 175 transfusions, hemoglobin, erythro- 
eytes, leucocytes, blood platelets, clotting time, volume index, vital ‘apacity, 
and weight were estimated before and after each transfusion. 

In a series of 52 transfusions given by ten donors, we have made the 
following observations : 

1. The amount of blood given at each transfusion was noted. 

2. The erythrocyte and leucocyte counts and hemoglobin estimation were 
made immediately before and after each transfusion, three, and six hours 
thereafter, then once daily until it returned to normal. The Sahli method 
(14.7 mg. per 100 ¢.c. of blood) of hemoglobin determination was used. 

3. Reticulocyte counts were made before each transfusion and daily un- 
til the original number of erythrocytes was restored. 

4. Each donor was weighed before and directly after each transfusion 
and daily for from four days to two weeks. 


». Bleeding and clotting times were taken once daily on the first patients 
in the series, but, as no change could be detected, this was discontinued. 


6. Blood pressure was taken before and after each transfusion and on 
the following day. 


Case 1.—A medical student, aged twenty-six, first served as a donor Feb. 22 


1928 and, on May 8, 1933, served the twenty-third time. Five hundred cubic centimeters were 
given on twenty occasions, 300 on two, and 850 on one. Before his first transfusion, his 
erythrocyte count was 5,100,000 and hemoglobin 90. On May 15, 1933, it was 5,400,000 and 
hemoglobin 96. The erythrocyte count taken each time directly after the transfusion showed 
ho decrense. After three hours, there was usually a drop of about 250,000 and, at six hours, 


10,000 which was the average reduction of erythrocytes for this donor when 500 ¢.c, was 


taken, his would suggest that it requires four to six hours for the blood volume loss to be 


replaced ly fluids from the tissues. 
Tho reticulocyte count increased on an average of 11 per cent the day following and 


gradual 


decreased to its prior figure as the original erythrocyte count was regained. 
a - 


OM m. m the Department of Pathology and Bacteriology, University of Nebraska, College 
Medi e, 


Re: c-ived for publication, July 3, 1934. 
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The decrease in hemoglobin averaged 5.2 per cent, reaching its lowest at six ho 


There was no appreciable change in the color index. 

The leucocyte reduction was in proportion to the reduction in erythrocytes, 

The blood pressure dropped between six and ten millimeters but was regained in six 
hours, probably as soon as the blood volume was restored. 

When this donor first started giving transfusions, six days were required to regain 


completely the original erythrocyte count. After repeated transfusions, about one every thie: 


or four months, it was always regained by the fourth day, perhaps due to a stimulation of 
the hemopoietic system. This was noticeable after the twelfth transfusion. His erythro 
cyte count one week after the twenty-third transfusion was more than it was before the 


first. 


lst 2nd 3rd 4th Sth 6th 
vay Day Day Day Day Day 


i al 


Chart 1.—The reticulocyte and erythrocyte counts of Case 1 before and after the first 


fusion on Feb, 22, 1928. 
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Chart 2.—The reticulocyte and erythrocyte counts of Case before and after 
transfusion on May 8, 1933. 


the twent 


The weight loss after each transfusion averaged one and one-half pounds wl 
regained each time by the second day. In this case and in others reported in this 
although Giffin and Haines1 observed a gain after 


there was no gain in weight, 
and Nelson? report the same, one donor showing a 


transfusions. Jones, Widing 
is a gain in weight, one wonders whether it is not du 


t 


thirteen pounds. When there 


fact that the denor believes he should eat heartily to gain back what he lost an 


quently, adds weight because of a greatly increased food intake. Following the 
transfusion, on Aug. 7, 1931, the above donor ate three hearty meals each day, to 
of fluids and drank two malted milks per day. He gained five and one-half pounds 
days and then, on an ordinary diet, dropped to his normal weight in one week. 
This donor could feel no ill effects from the transfusion. Frequently, he ret 
his work within an hour after the blood was taken and could not notice being weak. 
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yn > ‘ r ““ ‘ . 
rHE BLoop FINDINGS IN CASE 1, BEFORE AND DirecTLy AFTER EACH TRANSFUSION 


TRANS LEED 
TRANS HEMO B 
ERYTHRO iia 1 ; -_ 
FUSION AMOUNT : Glo + RETICT sEUCO ING LOOD 
T Crsee * (LOCYTES) CYTES - | cLor- | PRES 
DATE BIN ’ RES- 
TING SURE 


2 |120/82 
y 116/75 


4 
4 


Before *.€. 5,100,000 85 Sg: 2 8.700 
After 1,750,000) 80 : 7.200 


Before #C. 5,100,000 S7 S. 19 7.800 56. : 122/81 
, ” 7 5 : 
After $200,000 7,200 +. ‘ 110 


Before Ee HT O0,000 , 29, 7.600 56. 120/79 


Atter 500,000 BD ” © =e : 7 
unite #909 | Loo. 3 | 117, 


Before .¢. 4 900,000 8! ‘ e 
After 600.000 : ~ ; rib 120 
. lle Dick 5, 116 


Before |5 40. 5,200,000 7 98 -- - ; 
Aften 970,000 - as 120/ 
, oe ics ’ . 117 


Before »@. 5,200,000 f Of, . x6 120 
After (850,000 f ; ' Si 116 


Betfor« 2@./) 5,220,001 


After 900,000 


Before #6. 5 200,000 
After 900,000 


Before .¢.| 5,220,001 


After 900,001 


Before 0.) 5,200,000 


Atter W850,000 


Before #.¢.) 5,210,000 
| After 86 000 


Before .€.1 5,220,000 


After 900,000 


Before *¢.) 5,250,000 


After 950,000 


Before 0.) 5,270,000 ; s sd a 
After 990,000 f ’ rey 120 
ls 117/ 


Before ».¢c.| 5,275,000 Qo” es 19 7.600 6 199 
After 5,000,000 : ‘). 7.400 r 120 


Before #€., 5,300,000) 99 S: 2 7.700 | 152.6 199 
After 5,075,000 ’ 7 200 pga 
— * | 120/7 


Before .¢./5,345,000) 93 . ‘ > 
After 5,000,000 \ ; mea 120 
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Jefore #¢., 5,350,000 ; e 3% y D 
After 5,025,000 ; ; ; S/S 
, " , 116/76 
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After 5,030,000 ‘ 7 1: 1 op 
* lias ‘fio 


Before °C 5.375.000 eT ars 7 ( ~ 
e.| 5,375, 900 | 152. 21/ 
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. 59 vl. 116/74 
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Co) oD, ’ \ ; 800 5s ‘ ; 
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’ ol. io 

Before 500 ¢.¢.) 5,400,000 ; 1% 900 | 153.0 122/80 


After 5,025,000) ¢ 7'r00 I5L5 
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CASE 2.—A medical student, twenty years old, served as a donor the first time May 6, 
1928, and Dee, 9, 1933, served the tenth time. The findings in this donor were practic: ly 
identical with those of the first. There was one slight complication which should be nee 
tioned. The day after giving his sixth transfusion, about a dozen nodules appeared over 
the pubes and a few on each inner thigh. He complained of itching but there was no other 
symptom. No treatment was instituted and the nodules disappeared permanently in five days 


This could easily have been an intercurrent manifestation, 


CASE 3.—A medical student, aged twenty-five, gave six transfusions of 500 e.c. each. in 


three years. The findings resembled those of Case 1, 


CASE 4.—A white male, aged fifty-two, with hypertension gave one transfusion, The 
findings did not differ from the previous ones except that no fall in pressure could be de 


tected after drawing 500 e.ec. of blood. 


Table | and Charts 1 and 2 summarize the findines of Case 1. The findings 
in the other donors were similar to this one. 


CASE 5.—A white male, forty-eight years old and a drug addict served as a donor twice 
His erythrocyte count was 3,800,000 before giving 500 ¢.e. of blood. At the end of 
hours after the transfusion, it was 3,430,000 and returned very slowly to normal, being down 
to 3,600,000 after ten days. He then gave a second transfusion of 300 ¢.c. and his erytliro 
eyte count dropped to 3,400,000. Counts at intervals for six months remained around 


3,500,000. 


Case 6.—A female premedical student, eighteen years old served as a donor twice, g 
ing 500 e¢.e. of blood each time. On both occasions she was three or four days longer than 


Cases 1 and 2 in regaining her previous erythrocyte count, 
CASE 7.—A white male laborer, twenty-seven years old, was a donor twice, giving 50) 


the first time and 300 ¢.c. the second. The findings closely resembled Case 1 with the ex 


ception that during the second transfusion when 300 e.c. had been withdrawn, he had what he 


described as severe cramplike pains in the epigastrium, felt nauseated, and vomited, 


bad for a day and was discouraged from giving any more. 


CASES 8, 9, and 10.—These donors gave one transfusion of 500 ¢.c. each. No irregular 


effects were noted. 


The question of small or large donations is important. From the obser- 


vations just considered, it would seem that to give 500 ¢.c. at three- to four- 


a 


month intervals is not harmful, but, of course, the possibility of producin 
undetectable changes must be kept in mind. 

It has been shown that frequent bleeding of rats to exhaustion, rapidly 
depleted the bone marrow.* * A careful history from prospective donors 
is important as there are undoubtedly persons with a congenital weakness of 


the bone marrow who do not stand blood losses well. 


SUMMARY AND CONCLUSIONS 


+ 


1. Observations were made on ten donors who had given from one 
twenty-three transfusions each. 

2. The average reduction in erythrocytes when 500 e.c. of blood was taken 
was 310,000 per ¢.mm. which was regained, in most instances, in four 1) six 
days. 

3. The leucocyte drop was proportional to the erythrocyte deere.se 
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4. The hemoglobin drop averaged 5.2 per cent when 500 ¢.c. of blood was 
taken, using the Sahli method of estimation. There was no appreciable change 
in the color index. 

5. There was an initial weight loss of 1.5 pounds which was regained, in 
nearly every instance, within two days. No gain in weight was noted. 

6. There was no change in bleeding and clotting time. 

7. The blood pressure was only slightly reduced and rose again in six 
hours. 

Directly after the transfusions, there was no reduction in erythrocytes 
or hemoglobin but there was a decrease as fluid was taken from the tissues 
into the circulation, the minimum being reached at the end of six hours. 

9. The female donor regained her erythrocytes and hemoglobin more 
slowly than the male donors. 

10. Individuals with a tendency to anemia should, apparently, not be 
used as donors. 

Although a more extensive and complete study of the effects of blood 
transfusions on donors should be made before reaching definite conclusions, 
these observations suggest that there are no ill effects, or only slight ones, 


if 500 ¢.c. are given at a time and not oftener than once in three months. 
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THE DOCTOR AS INVENTOR* 
EpWARD Popo.tsky, M.D., BrookLyn, N. Y. 


HE doctor has played a very important role in invention. He has been 

the far-seeing pioneer in this as in other fields. Some of his inventions 
have played a decidedly significant role in the lives of all of us. Radio, one 
of the most popular of all inventions, owes much to the doctor-inventor. 

Mahlon Loomis was among the earliest pioneers in the field of radio 
engineering. Certain facts recently unearthed bring to light the facet that 
this physician was the first to use an aerial with a kite, the first to discover 
the phenomenon of wave length, the first to use a battery excited magnetic 
wave apparatus, though he was ignorant of the real manner of generation 
of the impulse. He was also the first to discover that the electromagnetic 


wave was transmitted better on a cloudy day than on a sunny one. 


Dr. Loomis was a man of many talents. He was interested in a great 
many things. Among other things he is credited with the invention of the 


false tooth plate. This relegated all other dental appliances to the scrap heap. 
The monstrous collection of wires and levers which formerly served to annoy 
the toothless is shown in the Alexandra exhibit of the relies of George Wash- 
ington. Loomis’ invention marked a new era in dental science. 

Loomis was no ordinary dabbler in electricity; what he did he carried 
to the limit. Records show that from 1856 to 1859 he buried wires in the 
ground, charged them by a current from a galvanic battery, and enriched 
the crops in the family garden at West Springfield, Mass. He invented and 
patented the alarm thermometer. 

The efforts of the Loomis Aerial Telegraph Company, incorporated by a 
special act of Congress, are now a matter of history. The Chicago Fire and 
the Black Friday panic of Grant’s administration wiped out Loomis’ backers 
and contributed much to breaking the spirits of this pioneer. 

There is documentary proofs in the United States Patent Office and at 
various newspaper file rooms that Dr. Loomis discovered the oscillatory cur- 
rent and the application of it to short distance transmission. He used gilded 
balloons as part of the transmitting and receiving apparatus. Loomis, like 
so many other pioneers in new and unfamiliar fields, was not understood nor 
appreciated. He was sixty years old, broken in health, and bent with bitter 
recollections of his failure to convince others of the magnitude of his project 
‘aerial telegraph” 


in radio engineering when he died. His patents on his 
did not expire until seventeen years after their grant by the Patent Office, 
which was July 30, 1889, three years after his death. 

Dr. Loomis was perhaps the least appreciated of the American doctor- 
inventors, and the one who fared the worst. In other fields of practica! in 
vention other American doctors made very important contributions. In the 
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winter of 1844 Dr. John Locke, Professor of Chemistry at the Medical College 
of Ohio, lectured before its president and officers on magnetic clocks. Dr. 
Locke showed how the beats of a clock might be repeated and how another 
clock at a telegraphic distance might be made to move without pendulum or 
weights. In 1849 the government called Locke to Washington to the Naval 
Observatory where he constructed the first electro-chronograph. In view of 
the fact that electric clocks are now in wide use throughout the world, there 
is no doubt that Dr. Locke has made the greatest contribution to chronography 
in modern times. 

At about the same time another American physician was improving an 
invention which was to play a very important role in every civilized city 
throughout the world. Around 1848 Dr. William F. Channing applied the 
principle of electric telegraphy to the fire alarm, and in 1851 placed before 
the city of Boston a detailed plan for a telegraphic system of transmitting 
fire alarms. Dr. Channing worked out a complete system of fire alarm boxes, 
bells, receiving electrical apparatus, ete. Ten thousand dollars was finally 
appropriated by the city government in order to put his plan into operation. 
The doctor likened the telegraphic system to the human brain and the nervous 
system, and drew a strong analogy ‘‘between the functions of the motor 
nerves and the apparatus of the anial system.’’ 

The physician has played a rather sinister réle in inventions for the ex- 
termination of human life. This is in direct opposition to his sworn duty 
to preserve and prolong human life. The modern machine gun had its origins 
in the inventions of Dr. Richard Jordan Gatling, born in 1818 in North Caro- 
lina. Dr. Gatling neglected his practice to devote his time to invention. His 
earlier inventions were a steam plough and a machine for sowing seeds, but 
these have not apparently been forgotten. Dr. Gatling is known for his 
invention of the Gatling gun which was first used in the Civil War. The 
Gatling gun was the first of the great engines of destruction. 

Another doctor who invented a machine to do away with human life was 
Joseph Ignace Guillotin (1738-1814) whose name would have been long for- 
gotten had he been satisfied merely with practicing medicine. He received 
his medical education at Rheims and at Paris, where he practiced for a few 
years. But it was polities he was really interested in, and in 1789 he was 
elected to the Constituent Assembly. In that very same year he brought for- 
ward a proposition that all capital punishment should be by decapitation 
and by a specially devised machine. He wanted death to be swift and pain- 
less. Two years later a law was passed that everyone condemned to death 
in France should be decapitated. Dr. Guillotin invented the machine to ac- 
complish this decapitation. It was at first called the lousette, but later came 
to be known as the guillotine. In this country the electric chair was invented 
by a New York physician whose aims were similar to those of Dr. Guillotin. 


He wanted death to be swift and painless, although he himself was opposed 


to capital punishment. Even now doctors are endeavoring to find even less 
pain'ul means of execution, and the direction is along poison chambers of 
one kind or another. 
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One of the most eminent of doctor-inventors was the Englishman Neil 
Arnott, born in 1788 at Arbroath. He received his medical education at 
Aberdeen and London, and after graduation became surgeon to the East 
India Company. After making two voyages to China, he settled down to 
practice medicine in 1811. In 1813 he obtained the diploma of the College 
of Surgeons and one year later his doctor’s degree from Aberdeen. In 1855 
he gave up medical practice to devote all his time to invention. From then 
on his contributions to practical science were of the highest order. 

Among the first of his great inventions was the Arnott stove, which earned 
for him the Rumford Medal of the Royal Society. He also invented the 
Arnott ventilator and water bed. He never patented his inventions, and his 
rewards were mainly in medals and honors. Among the most prized of these 
was the gold medal at the Paris Exhibition of 1855, and the Cross of the 
Legion of Honor conferred on him by Napoleon III. One of his last inventions 
was a chair-bed to prevent seasickness. He was also one of the founders of 
the University of London in 1836. 

The inventor of modern shorthand was a physician, Dr. Timothy Bright, 
born in 1551. He graduated in medicine at Cambridge in 1574. His life was 
barely spared two years previously while in Paris during the Massacre of 
St. Bartholomew’s Day by his taking refuge in the home of a friend of his. He 
was appointed physician to St. Bartholomew’s Hospital from which position 
he resigned in 1590. He was the first to evolve a system of shorthand writing. 
His system had an alphabetical basis using the initial of each word. 

Two physician inventors contributed much to modern headgear. They 
both lived in England, and they were contemporaries. James Starton, born 
in 1806, was a successful skin specialist in London. His inventive genius 
asserted itself during his youth when he was an apprentice in a hat factory. 
It was he who invented the commercial process of stiffening felt hats. George 
Borlase Childs, born ten years after Dr. Starton, was a native of Cornwall, 
who upon graduation came to London where for forty years he was surgeon 
to the City of London Police. In 1861 he invented the modern police helmet, 
which is still worn by the London police. 

Medical men have been prolific contributors to the science of crime detec- 
tion. Among the greatest of these was Henry Faulds (1844-1930) who is 
credited with inventing the fingerprint method of identification. He practiced 
medicine after graduation, but his interest was soon focused on finding a way 
to identify persons. In 1880 he published his fingerprint method of identifica- 
tion. He issued a schedule containing outlines of the ten fingers, to be filled 
with imprints from them. These schedules were supplied to coroners, magis- 
trates, surgeons, chiefs of police, etc. Faulds made the first practical con- 
tribution to the modern science of crime detection. 

In the science of chemistry one of the greatest discoverers was a doctor. 
Friedrich Wohler graduated in medicine, but never practiced. His interests 
lie in chemistry to which he devoted himself with distinction. In 1836. he 


was appointed to the chair of chemistry at the University of Géttingen. He 


had had a most remarkable career before this appointment. In 1827 he dis- 
covered the metal, aluminum, one of the most useful of present-day meials. 
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One year later he obtained beryllium. He was the founder of modern synthetic 
chemistry when he produced urea synthetically for the first time. 

The inventor of the modern telescopic lens was John Bevans, born 16938 
who, while he practiced medicine in London, was very much interested in 
astronomy. He was not satisfied with the type of telescopic lens in use at 
that time and after a great deal of experimentation he found that by incor- 
porating borax into the glass he obtained a lens whose refractive powers were 
greatly increased. 

George Armstrong Peters (1859-1907), a native of Ontario, was educated 
at Toronto where he graduated with the degree of M.D. Several years 
later he became Professor of Surgery at his alma mater. Besides surgery he 
was much interested in horses and rifles. It was he who perfected the electric 
self-registering rifle target which bears his name. 

Another rather versatile English doctor-inventor was Charles Brooke, 
born in 1804. After graduation he became a member of the surgical staff of 
the Metropolitan Free Hospital and Westminster Hospital. <A little later he 
became President of the Meteriological and Royal Microscopical Societies. He 
was very much interested in mathematics and physies on which he lectured 
and wrote a great deal. He was the inventor of the self-reading barometer, 
thermometer and psychometer. He also invented the magnetometer which 
registered variations by photography. All his inventions were accepted by 
the observatories at Greenwich, Paris, and other centers. He also greatly 
improved the microscope. 

A physician whose inventions have contributed very much to material 
progress is Sir Goldsworthy Gurney (1793-1875) who was born in Cornwall, 
and after graduation settled down to a surgical practice at Wadebridge. 
Among the greatest of his inventions was the oxyhydrogen blowpipe which 
is used in industry today throughout the world. The blowpipe has made 
possible the utilization of steel for building purposes; it is therefore respon- 
sible for all skyscrapers, for one thing. 

Dr. Gurney was the first to make use of his own invention. He used the 
blowpipe to fuse lime and magnesia which now forms the basis of the power- 
ful limelight, useful in photography and illumination. This is another inven- 
tion of greatest value to present-day civilization. He also invented the steam 
jet, used in connection with locomotives, steamboats and blast furnaces as 
well as for the extinction of fire in burning coal mines and for cleaning and 
ventilating sewers. It was also Sir Goldsworthy Gurney who pointed out 
that a magnetic needle moves when the poles of a galvanic battery are brought 
into contact with the current. In his lighter moments he invented an instru- 
ment of musical glasses to be played like a piano, but this instrument’s 
popularity lasted but for a short time. 

The extramedical contributions of physicians have been of utmost value. 
There is scarcely a field of human endeavor which has not been invaded. 


The doctor as an inventor has performed and is performing a most useful 
service to humanity. 


7119 NINETEENTH AVENUE 





CARCINOMA AND SCHISTOSOMIASIS OF THE APPENDIX? 
A CASE REPORT 
Jacos Levine, M.D., anp Raraet A. Marin, M.D., New York, N. Y. 


HIS case is presented because of the unusual association of carcinoma with 


schistosomiasis of the appendix. 
CASE REPORT 


The patient, J. R., a twenty-eight-year-old Puerto Rican seamstress, was admitted to the 
Surgical Service of Dr. L. W. Crossman, City Hospital, on Sept. 21, 1933, complaining of 
right lower quadrant pain of several days’ duration associated with nausea and vomiting. 
Language difficulties did not allow of any more definite history. She appeared acutely ill 
and showed tenderness but no rigidity in the right lower quadrant. Her pulse was 98, 
temperature 99° F., and respirations 24. The white blood count was 12,800 with 84 per cent 
polynuclear neutrophiles. A diagnosis of acute appendicitis was made and an appendectomy 
performed four hours after admission. The postoperative diagnosis was subacute appendicitis. 

Pathologic Report.—Gross appearance: The appendix was 11 em, long, 6 to 8 mm. in 
diameter. There was a very slight bulbous swelling at the tip; externally, otherwise negative. 
The lumen was about normal in size, except at the tip, where it seemed to be obliterated 
by a solid, bright yellow, homogeneous tumor, 6 mm, in length. It apparently occupied the 
tissue down to muscle, except at its proximal end where it extended in the mucosa as finger 
like projections. The remainder of the appendix was normal. 

Histology.—The tumor consisted of closely packed alveoli of uniform size separated 
by narrow connective tissue septa. In the deeper portions, they varied more in size, were not 
so well delimited and showed a greater desmoblastic reaction with invasion into surrounding 
connective tissue and lymphaties by a few tumor cells. There was palisading of the peripheral 
layer of cells in the alveoli against the connective tissue septa and also against central vesicles 
containing a homogeneous pink-staining material. The tumor cells had a_pink-gray-blue 
granular cytoplasm with a smoked appearance, and, except for the palisaded cells, had in 
definite cell boundaries. The nuclei were of fairly even size, ovoid to spheroid, moderately 
hyperchromatic, contained a few mitotic figures and occasionally formed tumor giant cells. 

The tumor occupied the mucosa and widened it, compressing the outer coats. In a few 
regions, however, some tumor cells invaded the submucosa and even muscle. The lumen at 
the tip was extremely narrow and eccentrically placed. The mucosal epithelium was preserved, 
except in the erypts were there was replacement by tumor. Many normal gland acini were 
present between tumor alveoli, as were also several isolated, hyperplastic lymphoid foll cles. 
The fibrous stroma of the tumor showed a heavy, diffuse infiltration by lymphocytes, mono 
cytes, numerous eosinophiles, and a few plasma cells. 

In the deep mucosa of the portion involved by tumor were many large tubervle-like 
nodules containing ova of Schistosoma mansoni. Many of the ova were being engulfed by 
giant cells. Around these nodules, in both mucosa and submucosa, was a heavy infiltration by 
cells similar to those mentioned above. The remainder of the appendix showed only the 
changes seen in a very mild, nonspecific appendicitis, and there was only a rare p asiti¢ 


egg away from the tip. 


*From the Pathological Laboratory, City Hospital, Welfare Island, Department of Hos- 
pitals. 
Received for publication, July 20, 1934. 
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Subsequent History.—Recovery was uneventful except for a sore throat and slight eleva 
tion of temperature seven days after the operation. She was discharged on Oct. 11, 1933, and 
returned a week later for further study and treatment. An inquiry in her own language 


revealed that as a child she was accustomed to swim in a small stream near her home 














Carcinoma of appendix showing the character of the cell, the alveolar arrangement 
and the palisading of the basal layer. 














Fig. 2.-—High power view of the tumor showing the type of cell, the palisading of the basal 
layer, the slight invasive element, and groups of mitotic figures. 


(Naranjito, Puerto Rico) but that she never noticed itching or a rash following such im- 


mersions. During the past eight or ten years she had suffered occasional attacks of diarrhea, 
never :ccompanied, as far as she knew, by blood or mucus in the stools. During some 
Periods of constipation, there was bright red blood in the feces, but this was attributed to 
hemorrlioids. She had never had an attack similar to that for which she was originally 
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admitted. A barium enema was negative. A sigmoidoscopic examination disclosed o1 
internal hemorrhoids of moderate size. After numerous stool examinations were done, fua 
was given. This treatment caused no reaction except possibly a slight loss of appetite. 

Nine different stool specimens were examined at intervals during a period of five montlis 
From two to ten ordinary smears were examined from each specimen, making a total of 
smears. Centrifugation and brine flotation were used on several occasions. One attempt was 
made to hateh ova in tap water. Ova of Schistosoma or the hatched miracidium could nev 
be found. Ova of Necator amerwanus and Trichuris trichiura, and eysts of Endameba histo 
lytica were often found. The worm ova were present in very small numbers. Trophic forms 


of E. histolytica were never encountered. 














Ovum of Schistosoma mansoni in a tubercle-like structure and within foreign bo« 
giant cells, 


DISCUSSION 


The acute symptoms in this ease are difficult to explain. The parasites 
other than Schistosoma are not held accountable for any significant degree of 
pathology. As regards E. histolytica, it has often been pointed out,’ *° that 
in some tropical countries, in the majority of cases of infestation the parasites 
are carried without symptoms and without demonstrable lesions of the ‘arge 
bowel. Of the damage done by the Schistosoma, we have a good indication in 
the appendix. Similar pathology is likely to be present in the large bowel 
and in the liver. The fact that the ova could not be found in the feces sug- 
vests either that the parent worms had died at the time of examination, or, 
what is more likely, that the worms had strayed into parts of the body from 
which ova could not gain aecess to the feces. The prognosis depends on 
whether the parent worms of Schistosoma are still alive. If they have died 
or have been killed by fuadin, then, although the damage already done is 1 
reparable, there will be no further pathology inflicted. If, however, the worms 
are still alive, they will lead to progressive and cumulative pathology wher- 


ever they are. The neoplasm is of the type usually termed ‘‘careinoid.”’ It 18 
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clinically benign and rarely metastasizes, even though histologically there is 
evidence of a local invasive element. 

From the very close association of the carcinoma in the appendix with 
the presence of Schistosoma ova, the possibility of the tumor arising through 


chroni¢ inflammation set up by the parasitic eggs must be considered. 
SUM MARY 


A case of carcinoma of the appendix associated with encapsulated eggs of 
Schistosoma mansoni is presented. The presence of the eggs practically only in 
that portion of the appendix having the carcinoma suggests an etiologic rela- 
tionship. Ova of Schistosoma mansoni were never demonstrated in the stools, 
although three other types of intestinal parasites were found. 

We wish to express our thanks to Dr. J. R. Lisa for his aid and advice in the prepara- 
tion of this paper. 
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FAMILIAL RENAL GLYCOSURILA* 


MARSHALL S. Brown, Jr., M.D., AND Rustin PoutesHuck, A.B., New York, N. Y. 


ene to Hatlehol' the hereditary nature of the condition known as 


renal glycosuria was first demonstrated in 1913 by Bonniger’? who showed 


that the condition was passed from father to son. The next year, Salomon’ 
published three genealogie charts showing the pronounced familial tendeney 
of this condition. Since then other writers have spoken of its hereditary 
nature.* * * > © 
Some authors state that this condition may develop into true diabetes mel- 
litus. Joslin has said that when cases of renal glycosuria are studied more 
carelully certain resemblances to diabetes mellitus may be found. However, 
he qualifies his statement by adding that he does not wish to be put on record 
a$ Saying that one is apt to pass into the other. On the other hand, Magee’ 
believes if a patient with renal glycosuria develops diabetes mellitus, either 
the former was a mistaken diagnosis, or two separate conditions exist in the 
same individual. 
this report we are presenting four cases of renal glycosuria occurring 
in three generations of one family. The history of these cases is as follows, 


and is also outlined in the accompanying family tree. 


—_—_—,. 


, *F om the Department of Medicine and Metabolism Clinies, University an sellevue Hos- 
pital M: lical College, New York University. 


Received for publication, August 14, 1934. 
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Case 1.—The eldest of this family is an adult white male, sixty years of age, a native 
of Russia, who for the past seventeen years has been known to have glycosuria. This was 
discovered accidentally when he applied for life insurance. Neither prior to, nor subsequent to 
this accidental finding of glycosuria has he exhibited any of the classical signs or symptoms 
of diabetes mellitus. He has never been obese. Blood sugar determinations had never been 
done prior to the present observations. 

Of his five children, all of whom are living, two have a persistent glycosuria, two hav. 
had repeatedly negative tests for glucose, both in twenty-four-hour specimens and in specimens 
collected two hours after meals, the fifth had sugar in his urine on one oceasion four years 
ago. Repeated tests since then have always been negative. There are no symptoms of diabetes 


mellitus in any of the children. The only grandchild, Case 3, has persistent glycosuria. 


CASE 2.—The eldest son of the patient in Case 1, aged thirty-nine, has had persistent 
glycosuria since 1917. It was first discovered accidentally at that time, when he applied for 
admission to the Army. No blood sugar determinations were done, and treatment for diabetes 
mellitus was instituted. No improvement in the glycosuria was obtained by the starvation diet 
then in vogue, nor later by the high fat diet. After the advent of insulin, he was treated 
with it, without results. Because of the absence of any symptoms, and his feeling of general 
good health, he discontinued further treatment. He has repeatedly been refused life insurance 


because of glycosuria, 

CASE 3.—This boy, aged ten, son of the patient in Case 2, was discovered to have 
glycosuria at the age of nine, when a routine urinalysis was done during an attack of pertussis. 
Several specimens of urine that have been examined during the past year have all shown 
glucose. He exhibits no signs or symptoms of diabetes mellitus. 

CASE 4.—The other son of the patient in Case 1, who has persistent glycosuria, is a fourt! 
year medical student, aged twenty-six, who discovered sugar in his urine during his first year 
in medical school, and has had glycosuria persistently since. This case has been reported 
by Ralli.4 

Family Tree 
Grandfather (Case 1) 
Child I (Case 2) Child II Child III Child IV Child V (Case 4 
‘Grandchild (Case 3) 
The results of the glucose tolerance tests and the urinary findings are re- 


ported in Table I. 


Discussion.—We are presenting these cases as additional evidence of the 
familial or hereditary nature of the condition known as renal glycosuria. 
These observations help substantiate the belief that it is an entirely benign 
condition. It is interesting to note that Cases 1 and 2 have been known to 
have glycosuria for seventeen and sixteen years, respectively. At its discovery 
the diagnosis of diabetes mellitus was made in each ease and the treatment 


for that disease was instituted. 

Case 1 shows a rise in the blood sugar level to 192.3 mg. per cent, ~ixty 
minutes after the ingestion of 100 gm. of dextrose. This, however, h:s re 
turned to normal (117.6 mg. per cent) after 120 minutes. Sugar was prvsen! 
in the urine in definite traces in the fasting specimen, but showed an in: rease 
to a concentration of 3.7 per cent during the rise in the blood sugar. For verly 
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TABLE I 
BLOOD SUGAR CURVES 

| FASTING 30 MIN. 60 MIN. 120 MIN. | 180 MIN. 
‘ase 1 |Blood sugar mg. 102.6 181.8 192.3 117.6 | 70.7 

Urinary sugar trace trace 3.3% 3.7% 2.3% 
Jase 2 |Blood sugar mg. 85.1 101.0 100.0 85.8 50.00 

Urinary sugar trace trace 1.0% 0.59% 0.25% 
‘ase 3 | Blood sugar mg. 93.0 111.1 90.9 101.0 98.0 

Urinary sugar —— 0.5% 0.03% 0.03% trace 
‘ase 4 |Blood sugar mg. 83.0 102.0 111.1 106.0 84.0 

Urinary sugar Positive in all specimens. 


100 gm. of glucose was given by mouth to Cases 1, 2, and 4, 


Case 3 received 60 gm. of glucose by mouth. 


with this degree of hyperglycemia a patient was considered diabetic. More 
recently the feeling is that a rise in the blood sugar level that is not sustained 
does not warrant, per se, the diagnosis of diabetes mellitus... The history of 
long-continued glycosuria, the absence of any symptoms of diabetes, and the 
low renal threshold for glucose, together with the records of the other mem- 
bers of the family, establish the diagnosis of renal glycosuria in this case. 

In Case 2 it is interesting, and quite significant to note that there has 
been no decrease in his glucose tolerance, as shown below, after sixteen years 
of persistent glycosuria. It is also interesting that on the basis of the diagnosis 
of renal glycosuria, this man has been granted life insurance of a standard 
rating. The diagnosis was established by the history, and glucose tolerance 
test, which fulfill the four cardinal requirements as given by Joslin and Magee, 
and the element of time, referred to by Rabinowitch and Weber, and the 
family history referred to by Rabinowitch. 

The patients in Cases 3 and 4 have absolutely normal glucose tolerance 
tests.® 

All of these patients showed glucose in all specimens of urine examined, 
even in the patient in Case 2 during the hour in which the blood sugar level 
range was from 85.8 to 50.0 mg. per cent. 

In spite of the persistent loss of sugar in the urine there has been no loss 
of weight, or polyuria, in any of the four cases. In fact, the patient in Case 
4 was able to gain twenty-one pounds in a six weeks’ period on a high ealorie 
diet as reported by Brown and Ralli,® and this diet in no way affected his car- 
bohydrate tolerance. In addition, over a period of two years there has been 
no change in his earbohydrate tolerance as shown by glucose tolerance curves. 


SUMMARY 


Four cases of renal glycosuria are reported. 
The familial nature of the condition is indicated. 
Evidence is given to show that it is a benign condition. 
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THE SIGNIFICANCE OF IRON AND COPPER IN THE BILE OF MAN* 


E. Srarr Jupp, M.D.. AND THomas J. Dry.t M.B.. RocHuestrer, MINN. 
With THE TECHNICAL ASSISTANCE OF 
Mary Sue Biepsor, M.S. 


es the classie experiments of Claude Bernard, it has been demonstrated 
that the liver participates in a multiplicity of physiologic processes in 
addition to those relating to the carbohydrates. Mention only need be made 
of the part that it plays in protein, fat, and mineral metabolism and in the 
storage of certain vitamins. Moreover, its secretions which aid digestion and 
absorption of food serve as a medium for the transport of excretory products 
as well. As a gland, the liver is unique in the sense that it possesses both 
secretory and excretory functions. Thus the bile salts are reabsorbed* after 
serving their part in digestion, whereas the bile pigments for the most part 
are eliminated as waste products. 

Drugs such as chloroform, quinine, barbital,** and some of the halogens,” 
which normally do not occur in the bile of animals, have been shown to be 
present in the bile after their administration by mouth. The liver has even 
been credited with the power of excreting some of the excess urinary waste 
products*? when the function of the kidneys becomes impaired. The diffusi- 
bility of urea, however, probably accounts for its appearance in the bile, and 
its rapid absorption from the upper portion of the intestines renders any 
increased excretion, if it does occur, unimportant so far as relieving or aiding 
renal function is concerned. 

Varying amounts of elements concerned with the nutrition of body cells 
as well as those entering into the process of hemoglobin formation, in which 
process the function of the liver is closely related to the mineral metabolism, 
are present, then, at all times, in the liver. It seemed to us that a study of the 
bile from the standpoint of these two mineral substances most closely con- 
cerned with hemopoiesis would be a convenient starting point for the study of 
certain phases of the mineral metabolism, since these substances, which the 


liver has been shown to store, ean reach the blood either directly or, possibly, 


throuvsh reabsorption after excretion into the gastrointestinal traet. The en- 
terohepatie circulation of bile salts has been commented upon, and other sub- 
stances in the bile may possibly share in the animal economy by being re- 
sorbed Our first step was to determine whether iron and copper were present 
bile of man only under certain circumstances, or whether they were 


present. 
les I, If, and III] would seem to indicate that they are constant con- 
s of bile. The bile of dogs and of guinea pigs has been found to con- 
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tain from 0.09 to 0.18 mg. per cent of iron in the form of inorganie ferr 


compounds.** 
MATERIAL AND METHOD 


Samples of bile recovered either from the gallbladder at operation or from 


biliary fistulas following cholecystectomy were analyzed for their iron and 


copper content (Tables I and Il). The method described by Kennedy was 
used in determinations for iron and that described by Elvehjem and Lindow 
for copper, with the exception that sodium pyrophosphate was utilized, as sug 
gested by Warburg, instead of hydrogen sulphide, to remove the contained 
iron. The next step was an attempt to assess the respective importance of iron 
and copper to the remainder of the mineral metabolism of the body as well as 
to determine the part that the liver plays in this complex mechanism, 
TABLE I 
ANALYSIS OF SPECIMENS OF BILE FOR THE CONTENT OF IRON 
IRON, MG, 


PER COMMENT 
100 c.c. 


SOURCE OF ‘E, PATHOLOGIC DIAG 
BILE 93: NOSIS 


Common duct 22 |Obstruction of com-| 0.136 | Biliary cirrhosis, graded 2 
mon duct due to, 0.046 rum bilirubin 3.3 mg. 
stones 035 cent (direct); jaundice co 

£052 pletely disappeared postoper 
.033 atively; ferric citrate 40 gm 
032 on January 27 and 28 

006 

.031 


Common duct 3/22 (Obstruction of com 157 Suppurative cholangitis; serun 
mon duct due to 157 bilirubin 2.6 mg. per cent 
stones 160 (direet); liver in good con 
392 dition 
Common duct : Obstruction of com- 152 | Biliary cirrhosis, graded 1; s 
mon duct due to 195 rum bilirubin 8.34 mg. pé 
stones 160 | cent (direct); spleen en 
133 larged 
Gallbladder 4/i Cholecystitis with 0828 |Liver appeared normal; no 0 
| stones | struction of common du 


, 


Gallbladder | : 29 |Chronie cholecystitis 
Gallbladder Chronic cholecystitis! 0.908 |No jaundice; hepatitis, g 
| with stones | 4 
Gallbladder Chronic cholecystitis , |No jaundice; hepatitis, g 

0.238 | 3 
Gallbladder . Choleeystitis with 0.115 |No obstruction of « 
stones | duet; no symptoms 
Gallbladder 5/ 9 |Chronie cholecystitis} 0.325 |No obstruction of « 
duct; no symptoms 
Gallbladder § 3 |Chronice cholecystitis} 0.230 Hepatitis, graded 1 
with stones 
Gallbladder 5/ 6 Chronic cholecystitis} 0.146 Liver in good condition 
with stones 


IRON 


Although so many details concerning the intermediate metabolie provesses 
with which iron is concerned are as yet undetermined, these processes have 


nevertheless been the subject of some speculation. There is good evidence te 
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TABLE II 
ANALYSIS OF SPECIMENS OF BILE FOR THE CONTENT OF COPPER 
COPPER, 


PATHOLOGIC DIAGNOSIS MG. PER COMMENT 
100 c.c. 


SOURCE OF 
BILE 
Common duct Cholangitis 0.212 Liver in good condition; dye re- 

tention, graded 0 


Common duct |Chronie cholecystitis with) 0.063 (Serum bilirubin 8.34 mg. per 
stones; stone in common cent (direct) ; biliary cirrhosis, 
duct graded 1 

Common duct Stricture of common duet .325 | Jaundice present; 


biliary  cir- 
rhosis 
Gallbladder Chronie eatarrhal  chole-| .792 ; 
cystitis with single large| 
stone 
Gallbladder Chronic cholecystitis with| 158 Hepatitis, graded 2 
multiple stones 
Gallbladder Chronie cholecystitis with) .096 | Liver in good condition 
multiple stones 
Gallbladder Empyema of gallbladder; .094 
multiple stones 
Gallbladder Subacute cholecystitis with} 0.091 | Dye retention, graded 2 
multiple stones 
Gallbladder Chronie cholecystitis with 0.75 Hepatitis, graded 1 
stones 
Gallbladder Chronie cholecystitis with 0.349 | Serum bilirubin 7.5 mg. per cent 
stones | (direct) 
Gallbladder Chronie cholecystitis with 0.155 | 
stones 
Gallbladder Chronic cholecystitis with} 0.754 | 
stones 
Gallbladder Chronie cholecystitis with} 0.130 |Cirrhosis, graded 1 
stones 
Gallbladder Chronie cholecystitis with} 1.07 
stones 
Gallbladder Chronie cholecystitis with} 0.250 |Serum bilirubin 8.8 mg. per cent 
stones; stone in common (direct); biliary cirrhosis, 
duet graded 2 
Gallbladder Chronie cholecystitis with} 0.906 Hepatitis, graded 1 
single stone 
Gallbladder Chronic cholecystitis with} 0.421 
multiple stones 





rallbladder Chronie cholecystitis with| 0.162 |Serum bilirubin 4.84 mg. per 
multiple stones | cent; dye retention, graded 4; 
| hepatitis, graded 3 





| 
Gallbladder Chronie cholecystitis with| 0.880 
multiple stones 
allbladder Chronie cholecystitis with} 1.00 
multiple stones 
Ulbladder Chronic cholecystitis with) 0.424 | Hepatitis, graded 1 
multiple stones 
Nbladder Chronic cholecystitis with) 0.723 
multiple stones 


show, however, that iron in its more complex forms, both inorganic and or- 
ganic, including the freed hemoglobin iron of physiologic and pathologie 
hemol: sis, is not directly utilizable, and that the structural changes necessary 
to ren‘er it suitable for hemopoiesis occur for the most part in the liver.® 
The to:al amount of iron contained in hemoglobin is small, 0.34 mg. per 100 e.e. 
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TABLE IIT 


REPORTS FROM THE LITERATURE OF CONTENT OF COPPER OF LIVER IN VARIOUS CONDIT! 


AUTHOR 


Funk and St. Clair 


Herkel 


Gordon-Rabinowitch 
Yagi 


PATHOLOGIC CONDITION 


Flinn and von Glahn 


Morrison and Nash 


Mallory 


Osterberg 


Schénheimer and O’Shima 


Hemochromatosis 
Normal controls 
Normal 
Hemochromatosis 
Cirrhosis 

Yellow atrophy 
Normal 

Normal infant 
Normal 

Normal infants 
Normal 

Normal 

Normal 
Addison’s disease 
Aleoholie cirrhosis 
Hemochromatosis 


Hemochromatosis 


COPPER, MG. PER 
FRESH LIVER 


RANGE 
140 
9 


to 12.9 


to 96 


to 113.6 


179.3 
to 17 
PS.0 


to 12. 


oi. 


to 


to 8.: 


14.2 
0.8 
$.6 
20.0 


79° 
4m 


49 
6 


86 to 63.29* 


KG, 


AVERA 


140 


‘ 


*Fixed in formalin. 
of hemoglobin. Whipple and Robscheit-Robbins recently have indicated that 
the hemoglobin producing factor in the liver need not bear any relation to 
the total amount of iron in the liver. Iron is at all times stored throughout 
the body, depending largely on the exogenous supply ; from this, ‘*‘ hemoglobin 
producing iron’’ may be elaborated according to the needs of the body. 

The question immediately arises, therefore, as to whether this “‘bile 
iron’’ has been altered in such a way as to be utilizable in hemopoiesis, or 
whether it happens to be merely an excretion of excess iron in the body or 
liver. Stransky has suggested that there is a ‘‘bowel-liver-bowel circulation” 
of iron of much the same sort as the enterohepatic circulation of bile salts. It 
this is true, then the resorbed iron is probably as important in the mineral 
metabolism of the human body as the bile salts are in the animal economy, for 
with large stores of iron there should not be any necessity of resorbing the 
small amounts that are present in the bile. Anemia may result from the pro- 
longed loss of bile through a biliary fistula in man as well as in dogs. Ina 
case reported by Balderston the patient responded to treatment by bile salts. 
iron, and arsenic. After the level of the blood had been restored to normal, an 
attempt was made to maintain this by the administration of bile salts alone. 


This proved unsuccessful for, later, iron was again needed. The reason a! ‘mia 


does not occur more commonly is probably because the fistulas are very seldom 
complete in man. Moreover in the plasma there is a partly diffusible iron 
compound that Riecker’™® *° and others’* have shown to be decreased in anemia 


of the 
anemia in which the iron content of the liver is high and in which the a: 


‘‘iron deficiency’’ type, and to be increased in hemolytic for 
tration of iron does not materially affect the course of the disease. 
What further adds interest to this bile iron is the fact that, in con!radis- 


tinction to many other substances investigated, it cannot be augmented ‘0 any 
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degree by the administration of large amounts of iron, irrespective of the route 
by which it is introduced into the body.” 

From the foregoing facts it seems reasonable to infer that the liver acts 
not as an excretory organ for iron, in the sense of disposing of a waste prod- 
uct, but rather as a secretory organ with both qualitative and quantitative 
selectivity. The more does this seem so when we contrast these phenomena 


with the behavior of copper in the animal. 


COPPER 

The significance of copper in bile of man can only be considered with refer- 
ence to all the known facts concerning its metabolism. Copper is distributed 
ubiquitously throughout the plant and animal kingdoms. Pharmacologically 
copper acts as a protoplasmic poison, but its affinity for the proteins of food 
and mucin of the gastrointestinal tract renders it innocuous in the amounts in 
which it ordinarily gains entrance to the organism. Biologically, it functions 
as a catalyst in formation of hemoglobin. The amount necessary for this 
hemopoietic function is extremely small, indeed, in sufficiently large doses cop- 
per may cause hemolysis of erythrocytes.'* ’° Whether there is any relation 
between its catalytic activity and cell growth in general is not known, but it 
is of interest to note that the young, actively growing cells of plants contain 


copper in greater amounts than the more mature parts,'® that the liver of an 


18 


infant has a higher copper content than that of its mother'® '* and that copper 
content of the blood serum, in a variety of clinical conditions, has been found 
to be increased in two groups of cases, namely, in pregnant women and in ad- 
vanced malignant disease.'* 

Experimentally, the total copper content of animals is appreciably in- 
creased by feeding the metal.* '* In experiments in which copper is fed con- 
tinuously, the absorbed copper is found in the liver almost to the exclusion of 
all the other viscera, irrespective of the mode of entry to the body. The 
amount of copper excreted in the bile steadily increases under these cireum- 
stances. With normal intake, two-thirds of the copper is excreted in the feces 
and one-third in the urine, but if extra copper is fed, 98 per cent of it has been 
removed from the feces. Flinn and Inouye recovered 1,028 mg. of copper from 
the feces over a period of eighty-two days when the total intake was 1,203 
mg. For the same period the urinary excretion was 12.36 mg. of copper; only 
11.34 mg. was recovered from the bodies, whereas 144 mg. was found to be 
present in the drinking tubes. Lindow and his coworkers’? found that all ae- 
cumulated copper is exereted in the four to five weeks following the cessation 
of its administration. 

In specially stained microscopic sections of the liver, Mallory and Parker 
have demonstrated the presence of copper in the inspissated bile following its 
administration in large amounts to animals. Pigment gallstones have been 
shown to contain large amounts of copper.22. The chain of events, then, is 
complete, and we can state with a fair degree of certainty that copper is ab- 
sorbed, that what is absorbed reaches the liver, and that later it appears in 
the fecos in amounts almost equal to those that reach the animal’s tissues. 


Thus the liver is the most important exeretory avenue for copper. 
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In the light of the foregoing facts the constant occurrence of copper in 
the bile of man may consequently be regarded as much a normal exeretion of 
the liver as urea is a normal excretion of the kidney. The normal metabolism 
of copper in man is, indeed, the counterpart, in miniature, of the events de- 
picted under experimental conditions. Dealing here not only with smaller 
amounts, mainly as a contaminant of food, but also with amounts that vary 
from time to time and from one individual to the next, we would expect to 
find the amounts of copper present in the liver varying with the fluctuations 
of exogenous supply and with the ability of the liver to excrete it. 

The variations which occur in the intake of copper are well illustrated 
by the varying amounts of copper that are present in different foods. Lindow, 
Elvehjem, and Peterson determined the copper content of about 160 samples 
of common food material. The figures ranged from 0.1 mg. of copper per 
kilogram of fresh celery to 44.1 mg. per kilogram of fresh calves liver. No 
food examined was found to be without its copper. 

When we come to consider the relation of copper to the normal physio- 
logie conditions in the liver, the subject begins to assume a somewhat contro- 
versial form. It may be stated, however, that the bulk of both clinical and 
experimental evidence points to the fact that the liver can handle large 
amounts of copper without any demonstrable deleterious effects. 

The highest figures for copper in livers in which pathologic changes are 
present are encountered in some cases of cirrhosis,’ including hemochromato- 
sis,° and in yellow atrophy.’ Yet, in certain other cases of the former group, 
figures may be as low or lower than the average normal figure (Table II] 

It is worthy of note that the highest figures obtained by Herkel, in his 
group of cases of nonpigmentary cirrhosis, are in what he described patho- 
logically as ‘‘hypertrophic,’’ while the exact reverse was true in those desig- 
nated atrophic. It would seem that the suggestion made earlier regarding the 
activity of cells and their copper content may apply here, too, for the hyper- 
trophic liver is no doubt the one that has displayed the most compensatory 


regeneration. 


CONCLUSIONS 


1. Copper and iron are constant constituents of the bile of man. 


2. There is some evidence to suggest that iron may be excreted in the 
bile and resorbed from the intestines. 
3. The liver is an important excretory organ for copper. 
To the 


4. So far, there is no conclusive proof that copper causes injury 
hepatic parenchyma. The high figures for copper in some cirrhotic livers may 
be related to the degree of regeneration (cell growth) occurring within th 


— 
Livel 
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AMIDOPYRINE AND GRANULOPENIA* 


REAPPEARANCE OF GRANULOCYTOSIS IN A CASE OF RECURRING AGRANULOCYTOSIS 
APTER LARGE Doses oF AMIDOPYRINE. A CLINICAL EXPERIMENT 


Louis R. Limarz, M.D., anp Iva G. Murpuy, B.S., Cuicaao, It. 


RACKE,' Madison and Squier,’ Watkins,* Randall,* and Hoffman, Butt 

and Hickey” have collected and described patients in whom the onset of 
granulopenia was preceded by the use of amidopyrine, amidopyrine with a 
barbiturate, or other drugs containing the benzene ring.’ In six of Madison 
and Squier’s cases who continued the use of amidopyrine drugs the mortality 
was 100 per cent. In two patients who recovered from the acute disease and 
who were later given a single dose of amidopyrine, the blood showed a rapid 
fall in the granuloevtes. Experimentally, Kracke,° and Madison and Squier* 
have produced granulopenia in animals with drugs containing the benzene 
ring. Kracke’ stressed the point that ‘‘the discussion has centered around 
the relationship to granulopenia of drugs containing the benzene ring and 
that the barbiturates have not been involved in this conception of the etiology 
of the disease.’’ Exception is made in the cases described by Watkins. 

On the other hand, T. H. Boughton*® of Akron, Ohio, states that in the 
rubber factories where benzene is in general use among the workers he has 
seen a great many cases of benzene poisoning, yet in spite of constant watceh- 
fulness, he has found only two eases of agranulocytosis, neither of them in 
workers exposed to any form of industrial poisoning. Further, he states that 
if benzene could produce agranulocytosis, those workers who are in contact 
with benzene would develop the disease since these men are experiencing a 
subtoxie exposure. Experimentally, Reznikoff and Fullarton® came to the 
conclusion in their animals that benzol produces a reduction of the total white 
cell count and the appearance of immature granulocytes in the peripheral 
circulation; granulopenia was ineonstant and usually an antemortem plienom- 
enon. They suggested that ‘‘the mechanism involved in the action of benzol 
on the white blood cells is different from that in granulopenia.’’ Dam: 


stressed the fact that benzene poisoning destroyed the entire bone marrow 
lets: 


shek’ 


causing a severe anemia, a leucopenia, and a decrease in the number of plat 


icked 


while in agranuloeytosis only the white blood cell forming tissue is at 
with an almost complete disappearance of myelocytes from the bone marrow. 
dopy- 


The following ease of agranulocytosis in which large doses of al 
} . 5 
rela- 


rine with codeine were given for pain was treated before the possib 
ntion 


tionship of benzene ring drugs and granulopenia was called to our at 


*From the Department of Internal Medicine, University of Illinois, College of licine 
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LIMARZI-MURPHY: AMIDOPYRINE AND GRANULOPENIA 


SUMMARY OF PREVIOUS ADMISSIONS 


Miss H. J., nurse, single, aged twenty-four years, was admitted to Research and Educa- 
tional Hospital on June 17, 1930 for tonsillectomy. Physical examination was negative. 
No blood count was taken. Urinalysis was negative. Tonsils were removed on June 17, 1930, 
uneventful recovery and discharged on June 19, The only outstanding thing in postoperative 
econrse was complaint of pain in ears, which was relieved by phenol and glycerin. 

Second Admission.—Putient was admitted to the hospital Mar. 5, 1931, acutely ill, with 
complaints of tightness in head and pain in left ear. Temperature was 101°, and pulse 120. 
Some redness in canal of left ear which was thought to be a beginning furunculosis; throat 
was not markedly injected. A few tender, palpable submaxillary and anterior cervical lymph 
nodes. Lungs presented no abnormal physical findings. Heart rate 120 with soft systolic 
murmur at apex. Tenderness noted over right upper quadrant of abdomen and in left lumbar 
region. Liver, kidneys and spleen not palpable. Reflexes normal. Past history was negative 
except for paracentesis of left ear drum in 1926 and an appendectomy in 1928. Blood picture: 
hemoglobin 11 gm.; red cells 3,970,000; white cell (average of 4 counts) 1,980; differential 
46 per cent lymphocytes; 32 per cent polymorphonuclear leucocytes; 22 per cent immature 
cells. On March 8, white count showed 1,900 cells and only 12 polymorphonuclear leucocytes 
were seen on this smear (immature forms). Diarrhea developed with gross blood and mucus 
in the stools which were reported negative for parasites or ova. Spleen was not palpable. 


Temperature continued to rise and at 5:30 P.M. the patient received 500 ¢.c. of blood by the 
citrate method. She suffered a severe immediate reaction which necessitated the administra- 
tion of oxygen while upon the operating table. She had a severe chill and the temperature 
rose to 104° later in the evening. Physical examination revealed a slightly distended abdomen 
and the liver was palpable for the first time. The hard palate was wrinkled and gray look 
ing. A pink papule, 3 mm. by 3 mm. with pin point sized white excavation at the center, 
was noted at the superior border of the right tonsillar fossa. Bleeding points were noted 
along the gingival margins of the lower right side. White count was 11,500 at 10 P.M. with 
10 per cent polymorphonuclear leucocytes. 

Following the transfusion the patient suffered from nausea and vomiting, with an icteric 
tint noted in the sclerae and skin. Stools showed gross and occult blood. Urine showed 
occult blood 4+, albumin 2+. Four days posttransfusion there was evidence of a delayed 
reaction with anuria, with nitrogen retention (the nonprotein nitrogen rose to a high of 195). 
The urine contained 4+ albumin and casts. Fecal vomiting occurred on March 17. The blood 
count continued high, following the transfusion, ranging from 30,000 down to 11,500 with 
a differential ranging from 85 per cent to 90 per cent polymorphonuclear leucocytes, and 
3 per cent to 15 per cent lymphocytes. There was a gradual lowering of the nonprotein 
nitrogen and general improvement in the physical condition. She left the hospital on April 
6, 1931. 

Third Admission.—Patient was admitted with complaints of chills, fever, generalized 
aching and severe headache on Dee, 21, 1932. Physical examination was essentially negative. 
There were no palpable glands. Temperature was 101°, and pulse 120. Blood picture: 
hemoglobin 15 gm.; red cells 5,000,000; white cells 1,720; differential count showed 22 
per cent polymorphonuclear leucocytes, 60 per cent lymphocytes, 16 per cent monocytes, and 
1 per cent eosinophiles. Two days later the count had increased to 2,250 with a differential 
showing 23 per cent polymorphonuclear leucocytes, 70 per cent lymphocytes, and 7 per cent 
monocytes. She was temperature-free on December 24 and was discharged. 

Fourth Admission.—Patient was admitted on Feb. 14, 1933 with a history of pain in 
left ear for six months; and food disagreements. She had not felt well since previous ad- 
mission in December, 1932. There was a history of ear trouble since age of seven; paracentesis 
im 1926 with pus draining for ten days (left ear). She had had aching pain over the left 
a. —— Roentgen plates showed eres left mastoid. Blood picture on admission: 

g n 14 gm.; red count 4,900,000; white count 4,100; differential showed 30 per cent 


polymor; honuclear leucocytes, 45 per cent lymphocytes, 19 per cent monocytes, 3 per cent 
fosinop! ‘les, and unclassified 1 per cent. Highest temperature was 99.8°. Discharged on 
Feb. 18, 1933. 
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Fifth Admission.—Patient was admitted July 10, 1933 complaining of soreness in uppe1 
jaw, sore throat, aching in bones and muscles, and intermittent earache. She stated that 
she had been quite well until July 6, 1933 when she began to have soreness in the upper jaw, 
apparently in the teeth and an associated bilateral earache which was severe enough to prevent 
her from sleeping. Sore throat appeared on July 8, 1933, yet she continued on floor duty 
On July 9, after a sleepless night during which her temperature was 101°, she vomited and 
was unable to work. Generalized body pain appeared on July 10. Physical examination 
revealed a young woman, in a good state of nutrition, who was tossing restlessly in bed, 
apparently quite ill. No mastoid tenderness was noted. Gums were coated at tooth margins 
with a white friable material which was easily removed. Pharynx was glazed and injected 
with irregular granules scattered throughout the posterior pharyngeal wall. Submaxillary, 
sublingual, and anterior cervical lymph nodes were palpable. Axillary glands were enlarge:! 
and tender. Lungs showed normal expansion; a few scattered rales were heard posteriorly 
near the angles of scapulas. Heart borders were within normal limits. A systolic murmur 
was present at the apex. The liver, spleen and kidneys were not palpable. Temperature 
was 101°; hemoglobin 9.5 gm.; red cells, 4,110,000; white cells 3,550. Smear showed 25 
lymphocytes (see Table I). 

The patient was placed on yellow bone marrow, 60 gr. t.i.d., liver extract orally and 
intramuscularly, aspirin and pyramidon, or codeine and pyramidon for relief of pain (see 
Table I). Her general condition remained unchanged. The white count dropped to 2,850, 
the smear showing 1 per cent polymorphonuclear leucocytes, 79 per cent lymphocytes, and 13 
per cent monocytes. The aching became more generalized and on July 15 her condition was 
not improved. She complained of pain in both ears. Otoscopic examination revealed no 
pathology. The gunis still showed white friable material. There was a grayish sloughing area 
in the left lower jaw on the inner side. The white count was 2,350 with 5 per cent 
polymorphonuclear leucocytes, 88 per cent lymphocytes, and 2 per cent monocytes, The count 
did not materially increase in total white cells but polymorphonuclear leucocytes appeared, 
21 per cent, and lymphocytes dropped to 67 per cent. During this time pyramidon was in 
eluded in the medication in amounts varying from 20 to 50 gr. daily. A marked swelling 
appeared on the left side of the face accompanied by severe pain and the total count dropped 
to 1,700 showing a total percentage of 24 for polymorphonuclear leucocytes and 70 for 
lymphocytes. Only 51 cells could be counted on the smear. Intravenous glucose was in 
stituted on July 18; swallowing was very painful due to the sloughing area in the jaw, 
which later extended down into the pharynx. The total count began to rise with the appear 
ance of the slough. At a count of 2,800, the polymorphonuclear leucocytes constituted 71 
per cent, lymphocytes 29 per cent of the blood picture. Nucleotide was withheld, owing to the 
improvement in the blood picture. 

The improvement was continuous; the necrotic areas in the pharynx disappeared ; 
the total count was low at first but began to rise, while polymorphonuclear leucocytes and 
lymphocytes occupied their normal proportions in the differential counts. She was discharged 
on July 27, 1933 with the advice to continue the yellow bone marrow and liver extract. 


COMMENT 


That this is a ease of recurring granulopenia and not one of aleucemic 
lymphadenosis or aplastic anemia is shown by the selective disappearance of 
the granulocytes. The lymphocytes were always present in normal or !n- 
creased numbers. In the lowest white count on July 17, 1933, of 1,700 there 
were 1,166 lymphocytes which is but little below the normal lymphocyte 
level. Most of the counts when analyzed show an actual increase in lymp!o- 
eytes, as on July 15, 1933, when the total white count was 2,350 and the num- 
ber of lymphocytes was 2,188. No abnormal forms of lymphocytes were scen 


on any of the smears. The hemoglobin was moderately reduced but the red 
blood count was normal throughout. 
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The only treatment the patient received during her first attack in 1931 
was a 500 ¢.c. blood transfusion and smail amounts of aspirin and pyramidon 
for pain. There is no doubt that the severe reaction (elevation of nonprotein 
nitrogen, ete.) was directly due to the transfusion. In the second attack 
(third admission) the patient showed a leucopenia with a moderate granulo- 
penia, generalized pains, and temperature elevation. During her fourth ad- 
mission in 1933 (Feb. 14 to Feb. 18), only one blood count is recorded, which, 
however, showed that she was in a neutropenic phase at this time. 

In her severe attack in 1933 (fifth admission) the complete picture of 
agranulocytosis (fever, generalized pains, ulceration of mouth, leucopenia, 
granulopenia) manifested itself. The total white count was 2,550 on admis- 
sion. On examination of one smear no granulocytes were found and only 26 
lymphocytes. The following day the differential showed 8 per cent neutro- 
philes. A few of these were immature forms. From July 12 to July 14, 1933, 
there was a persistent leucopenia and neutropenia (only one neutrophile was 
seen on the blood smears). On July 15, 1933, and the days that followed, 
despite the progressive leucopenia, there was a gradual increase in the per- 
centage of neutrophiles. On July 17, 1933, the day of the lowest total white 
count recorded (1,700), the differential smear showed 12 neutrophiles out of a 
total of 51 cells counted, or 24 per cent. Beginning on July 18, 1933, and 
until her discharge from the hospital on July 27, 1933, there was a gradual 
increase in the total white count and a progressive increase in the percentage 
of polymorphonuclear leucocytes. She left the hospital with a normal blood 
picture. The treatment consisted of yellow bone marrow by mouth, liver 
extract orally and parenterally. During the few days in which swallowing 
was difficult, 5 per cent glucose in buffer solution was administered by vein. 

This nurse states that she has taken 15 to 20 gr. of amidopyrine, with or 
without aspirin, each week for the last four years, and in the fourth attack 
(fifth admission), which is summarized in Table I, it will be noted that the 
patient received a total of 370 gr. of amidopyrine. It should be further noted 
that the granulocytes reappeared, increased in number, and raised the total 
leucocyte count in spite of the daily administration of this drug. Since her 


recovery the patient has been given amidopyrine in 15 gr, doses without pro- 


ducing any change in her white count or differential. The patch test with 
amidopyrine on the arm was negative. 

Kracke and Parker" state that ‘‘in the clinical or experimental develop- 
ment of granulopenia it is necessary to presuppose the existence of a previ- 
ously weakened, damaged or idiosyneratic bone marrow which may be congenital 
or acquired.’’ In this patient if we assume that an inferior or weakened bone 
marrow is present, these large doses of amidopyrine did not depress granulo- 
eytosis. 

‘he question naturally arises as to whether the amidopyrine is to be re- 
garced as an agent showing general toxicity to bone marrow or one to which 
@ paliont may become specifically susceptible and from which a selective toxic 
actiol on the bone marrow may arise. The failure of the drug to depress 
rani: ocytosis in this ease would point to the latter view. 
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SUMMARY 


1. A case of recurring granulopenia is reported in which there were re 


coveries from four attacks. In all four there was a granulopenia and in three 


a leucopenia. 
2. An analysis of the differential blood counts shows that the case was 
one of granulopenia and differentiates it from an aleucemic lymphadenosis 


and an aplastic anemia. 

3. Recovery from the first attack followed a blood transfusion which was 
associated with a severe immediate and delayed reaction. Recovery from the 
second and third attacks occurred spontaneously. Recovery from the fourth 
attack occurred after the administration of yellow bone marrow and liver ex- 
tract (by mouth and parenterally). 

4. In the fourth attack large doses of amidopyrine (a total of 370 gr. 
were administered during the malignant phase and were continued into the re- 
covery phase, showing that it was not possible to depress the granulocytosis 
by the administration of doses of amidopyrine of this size. 

5. Since recovery from the last attack, 15 gr. doses of amidopyrine have 
been given without influencing the total or differential white count. 

6. The amidopyrine patch test was negative. 


We wish to thank Dr. Robert W. Keeton, at whose suggestion this report has been 


prepared, for the privilege of reporting this case. 
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ACTION POTENTIALS FROM INTERCOSTAL MUSCLES BEFORE AND 
AFTER UNILATERAL PNEUMECTOMY* 


FREDERICK M. ANDERSON, M.D., AND Donaup B. Linpsiey,t Px#.D., 
Boston, Mass. 


HE importance of afferent impulses from the lungs by way of the vagus 

nerves has been stressed since the investigations of Hering and Breuer’ and 
more recently the work of Partridge,? Adrian,* and Hammouda and Wilson‘ 
has borne this out. Barry® emphasized the part played by impulses of visceral 
origin via the sympathetic chains and also those arising in the thoracie walls and 
traveling over the somatic nerves. The influence of these impulses on respira- 
tory movements has been extensively investigated by these and other authors, 
but no one seems to have attempted to differentiate between the two sides of the 
thorax when impulses from one side only are interrupted. 

In two patients at the Massachusetts General Hospital, following total uni- 
lateral pneumectomy for carcinoma of the lung, a persistent, almost complete 
lack of respiratory movement on the operated side was noted. This suggested 
the possible preponderance of a unilateral as opposed to a bilateral influence of 
the pulmonary afferent fibers on the respiratory center and indirectly on the 
extrinsic muscles of respiration. It was decided to study the motor innervation 
of the two sides of the thorax separately in normal cats and again in eats sub- 
jected to total unilateral pneumectomy, thus duplicating the condition of the 
patients except for the complicating neoplasms, adhesions, infection, and stiffen- 
ing of the mediastinum in the latter. 


METHOD 


Cats anesthetized with sodium barbital (0.040-0.045 gm. per kilo in 10 e¢.e. 
of normal saline injected intraperitoneally) were prepared for the recording of 
action potentials from the external and internal intercostal muscles of the 
thoracie wall. The eats were placed in a supine position and all limbs were 
fastened securely so that the original position of the animal was maintained 
throughout. Flaps comprising the layers of skin and muscle down to the slips 
of origin of the serratus anterior and external oblique were turned back by 
shar} dissection, The slips of serratus anterior and external oblique were left 
in place to protect the intercostal muscles from exposure but were undercut to 
allow accurate placing of the needle electrodes. 

The pneumectomies were performed aseptically using intratracheal ether 
and 1 automatie respiration pump. An incision was made through the eighth 
intercostal space and the lung removed at the hilus with separate ligation of 


the pulmonary artery, vein and bronchus, plus a mass ligature. Silk was used 


Ge ‘ rom the Surgical Laboratories of the Harvard Medical School at the Massachusetts 
rener Hospital and the Laboratories of Physiology in the Harvard Medical School. 

ceived for publication July, 31, 1934. 
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throughout and the operated side was aspirated following closure of the in 
cision. Recovery was uneventful, and when examined after death the hilus was 
healed over smoothly, and there was no sign of infection or adhesion between 
the mediastinum and the thoracie wall. The later investigations were carried 
out four weeks postoperatively. 

For studying the motor innervation of the intercostal muscles we have made 
use of the single motor unit technie which permits the recording of action po- 
tentials from a group of musele fibers innervated by a single motor neurone. 
This technie was first successfully used by Adrian and Bronk® and has been 
described more fully by Adrian.’ The nature of the motor unit has been dis- 
eussed very thoroughly by Eecles and Sherrington* and Sherrington.® 

The electrodes used in this investigation for isolating the response of single 
motor units were of the coaxial type. They consisted of a hollow steel hypo- 
dermic needle which served as a ground lead and a fine insulated wire cemented 
into its lumen serving as a grid lead to the amplifier. 

The action potentials were led off to a six-stage, transformer-coupled ampli- 
fier* which drove either a loud speaker for listening to the responses or a Du 
Bois oscillograph for recording them, The electrodes were inserted in the muscle 
mass of one of the thoracic interspaces in such a manner that the shielded side 
of the hypodermic needle tended to reduce the interference by spread of electric 
eurrents from the heart. Even though such precautions were taken the electric 
response of the heart, which is a frequent intruder in the region of the thorax, 
appears in some of the records, 

When the responses of one or more motor units were heard clearly in the 
loud speaker during a respiratory cycle the output of the amplifier was switched 
to the oscillograph and a record obtained. The reflection of a beam of light from 
the oscillograph mirror was photographed upon moving bromide paper by means 
of an eleetrocardiograph camera. 


RESULTS 


An attempt was made to judge the degree of activation of the external 
intercostal muscles by two methods, one, the number of activated units found 
on inserting the electrodes into the muscles of each side at random, two, the 
frequency of the response in single motor units from as nearly corresponding 
locations on the two sides as possible. The external intercostal muscles of the 
third to the seventh interspaces were used for this sampling. 

Normal Cats—When the coaxial needle electrodes were inserted into the 
external intercostal muscles of the two sides in normal eats no consistent differ- 
ence in the degree of activation could be found. 

The frequency of the response of nearly all the individual motor units 
varied within the range of 6 to 14 per second, with most units responding at a 
frequency of from 8 to 10 per second. Fig. 1 shows a typical record. The 


average frequency of discharge of motor units on the two sides was foun to 


*A portable amplifier designed and constructed by E. L. Garceau of the Harvard M: lical 
School Electrical Laboratory. 
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he nearly equal. To obtain these averages, the responses from at least two 
motor units in each of three interspaces on each side were recorded during two 


respiratory cycles. 




















Fig. 1.—A and B, typical action potential records from single motor units of the external 
intercostal muscles of the cat during inspiration. In A the intruding electrocardiogram is 
indicated by arrow. C, record of individual motor unit potentials from internal intercostal 
muscles during expiration. Time at bottom of record in 1/50 second intervals. 
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rig. 2.—A, action potentials from two moter units (a and b) of the external intercostal 
muscl during normal inspiration. B and C, same units after ten and thirty seconds, respec- 
tively, of carbon dioxide inhalation, showing increased frequency of motor unit responses. The 
electr: irdiogram is indicated in all records by arrow. Time in 1/50 second intervals. 
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In order to determine the range of frequeney through which any individua 
motor unit might vary, hyperpnea was produced by administering carbon d 
oxide, Contact was maintained with the same motor unit previous to and during 
the administration of carbon dioxide. It will be noted in Fig. 2 that the fr 
quencies of the motor unit responses were normally 9.1 and 9.6 per second, 
respectively. After ten seconds of carbon dioxide inhalation each increased to 
13 per second and after thirty seconds they were 14.9 and 14.6 per second. A 
similar response to inhalation of carbon dioxide was noted with other motor 
units. 

In all preparations the internal intercostal motor units were sampled as 
well. We consistently found action potentials in these muscles during expira- 
tion (see Figs. 1-C and 3), thus confirming Adrian’s* finding that expiration is 
at least in part an active process. Although a rhythmic expiratory grouping ot 
discharges was the usual finding from internal intercostal motor units, oceasion- 
ally units discharging continuously through all phases of the respiratory cycle 
were noted. 

Effects of Unilateral Pneumectomy.—One month after operation studies 
identical with those on the normal control cats were made. No differences ot 
gross activation on the two sides could be detected since motor unit responses 














Fig. 3.—Action potentials during inspiratory and expiratory discharges, with elect: 
recording from both external and internal intercostal muscles. A, single motor unit res} 
from internal intercostal muscle during expiration. B, responses of two individual units 
external intercostal muscle during inspiration. (Inspiratory and expiratory movements of « 
wall were observed and correlated with their respective audible motor unit responses.) 
in 1/50 second intervals. 


could be obtained equally well from either side. The average frequencies of re- 
sponse of the individual motor units on the two sides were also found to cheek 
as closely as did those in the control eats. 

In those records obtained from the operated side a more marked tendene\ 
toward synchronization of motor unit responses was found. This synchronizing 
tendency was noticed in action potentials which by ear seemed to be from single 
motor units but which were shown photographically to be made up of severa! 
units activated almost simultaneously. 


DISCUSSION 
Clinieal observation of patients subjected to total unilateral pneumectom) 
indicated a possibility that the withdrawal of the afferent impulses fror 
lung might influence the movements of the ipsilateral extrinsic muse!:s 
respiration to a greater degree than the contralateral. 


Sinee it is generally accepted that the contraction of a muscle may be g:aded 


in two ways, i.e., by variation in the number of motor units brought into «ction 
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and by changes in the frequency of the impulses activating each individual motor 
unit, we have used these two criteria as a measure of the degree of activity of 
the two sides. 

In both normal and unilaterally pneumectomized cats the number of acti- 
vated intercostal motor units on each side of the thorax appeared to be of a 
similar order. This was gauged entirely by ear while plunging the needle 
electrodes into the muscle and is only roughly quantitative. 

The average frequency of discharge in the individual motor units was also 
determined. These averages were found to vary in both the normal and operated 
animals from 6 to 14 per second, but in each animal a rather close correspond- 
ence was found between the two sides. 

It is, therefore, concluded that interrupting the afferent impulses from one 
lung (i.e. unilateral pneumectomy) does not produce any gross difference be- 
tween the intercostal activation of the two sides. Small differences may exist 
which our method is not able to detect, for the variation in frequency of the 
motor unit response is of such an order that many more units than were used 
would be required to obtain an accurate average. A further source of error 
might be introduced through conscious or unconscious selection of motor units 
of a standard frequency or duration. This we have attempted to avoid. 

A notation was made above concerning a tendency for synchronization of 
action potentials on the operated side. If the respiratory center were possessed 
of the power for spontaneously emitting rhythmic efferent discharges, as is 
strongly evidenced by the work of Adrian and Buytendijk'® on the brain stem 
of the goldfish, it might well be supposed that a considerable degree of motor 
cell synehronization would exist. In the intact animal the play of afferent im- 
pulses, especially of those from the lung, impinging on this center or on neurones 
below it would tend to break up this synchronization by influencing the different 
cells to varying degrees. It is possible that, by removing many afferent stimuli 
from one side the impulses initiated by the cells of the respiratory center have 
come nearer to reaching the muscles in their more natural rhythmie form, In 
agreement with this is the work of Dusser de Barenne and Brevée™ on the 


triceps brachii and other skeletal muscles which showed a tendeney toward 


greater regularity of the electromyogram after local narcosis of the sensory 
spinal mechanism had eut off centripetal impulses. 


SUMMARY 


|. It has been demonstrated that the external intercostal muscles of the two 
sides of the thorax in normal eats are activated equally, both in regard to the 
number of units involved and the average frequency of the responses in each. 
2. Similar studies of the two sides of the thorax in cats subjected to total 
unilateral pneumectomy have shown that there is no demonstrable difference 
between the two sides in the number of activated units and in their average fre- 
quencies of response. 
A tendeney toward synchronization of motor unit responses on the 
operated side was noted. 
4+. Action potentials recorded from motor units of the internal intercostal 


muse|s during expiration indicated that expiration is at least in part an active 
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- 


Responses continuing throughout the respiratory cycle were recorded 


process. 
oceasionally from the internal intercostal motor units. 


The authors wish to express their thanks to Dr. E. D. Churchill, whose clinical observa 


tion suggested this problem, and to both him and Dr. Hallowell Davis for making laboratory 


facilities available. 
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LABORATORY METHODS 


THE COMPLEMENT FIXATION IN THE DIAGNOSIS OF 
LYMPHOGRANULOMATOSIS VENEREA* 


WALDEMAR E, Coutts, M.D., AND TEGUALDA PoNcE, M.B., SANTIAGO, CHILE 


VER increasing frequency of different syndromes due to lymphogranulo- 

matosis venerea, the general nature of the disease and the interest of 
establishing a more practical method of diagnosis than the testing of eutane- 
ous allergy, induced us to study the complement fixation test in all elinical 
conditions attributed, up to the present moment, to this illness. 

Our starting point was the preparation of a specific antigen. Preliminary 
studies to this end, reported and published last year in Medicina Moderna and 
Dermatologische Wochenschrift, had allowed us to establish that aqueous anti- 
gens were to be preferred. 

After a period of over seven months’ experience we have arrived at the 
conclusion that the most reliable antigen is one prepared as follows: 

1. Surgically excised ganglia are finely cut and minced in a sterile mortar 
reducing them to pulp. The ganglia must be from a patient with negative 
Wassermann, Kahn, Mantoux, and Ito von Reenstierna reactions. They must 
not have broken out spontaneously or been previously punctured. 

2. Pulp is mixed per gram with 10 ¢.c. of a 0.5 per cent carbolie acid solu- 
tion. Mixture is well shaken for half an hour and next centrifuged for from 
ten to twenty minutes. 

3. Supernatant liquid is drawn off by means of a pipette and placed in a 
water-bath for one hour at 56° C. 

Titration of the antigen is made in the presence of highly positive lympho- 
granulomatous sera and following the usual standard practices. 

Kor performing the reaction we use a small amount of serum, accurate 
titration of the hemolytic system and simplification of the distribution. The 
decrease in the amount of serum as noted in the explanatory chart, does not 
diminish the sensitiveness of the reaction, provided the proper doses of anti- 
gen and complement are used. 


CONTROL R. I R. Il 
Serum ‘voge 0.35 0.3 0.3 
Complement 0.2 0.2 0.2 
N/Salt Solution 1.3 0.8 0.8 
Antigen 0.4 0.5 
Hemolysis 0.5 0.5 0.5 
Red B.C. 0.5 0.5 0.5 


om the Laboratory of the Department for Social Hygiene, Chile Public Health Service. 
eived for publication, May 17, 1934. 
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Owing to the frequency of positive syphilis reactions in patients suffer- 
ing from lymphogranulomatous syndromes, we have once and again tested 
the antigen in presence of highly positive syphilitic sera. In over one hun 
dred controls we have never registered a positive reaction, employing dilu 
tions of %o, Yoo, oo, and 459 of lymphogranulomatous antigen. We have 


/ 








also submitted sera of normal childrei to the test and registered analogous 





results. Up to the present moment we have performed over 300 lymph 






reactions at the request of different specialists. Personally we have been able 
to follow its course in over 30 patients. The survey of data in our possession 
Table I will serve to illustrate our conclusions. 







which we condense in 













TABLE I 






LYMPH REACTION (L. R.) 





AGE 































NAME veeee SYNDROME EVOLUTION L. R. W. R. K. R. 
A.M. 30 Ing. lymphogr. 93 days t - 

J.M. 33 Ing. lymphogr. 150 days - - 
R. P. 29 Ing. lymphogr. 45 days + ++ +++ 
G. B. 24 Ing. lymphogr. 20 days + - 

J. V. 35 Ing. lymphogr. 65 days ‘ 

M.N. 24 Ing. lymphogr. 8 days - 

J.C. 22 Ing. lymphogr. 20 days - 

P. L. 23 Ing. lymphogr. 12 days - 

E. P. 36 Ing. lymphogr. 10 days - ~ 

A.C. 28 Ing. lymphogr. 15 days - + +4 
B. ¥. 26 Esthiomena 150 days + + 

M.C. 48 Eleph. pen. and se. 4 years ++4 - 

L. I. 22 Esthiomena 5 years + t+4 +4 
tS 40 Gen. ano. rectal 4 years ' 

C. G. 24 Ing. lymphogr. 30 years ' - = 
C. G. 24 Ing. lymphogr. 57 years + - 

A.C. 26 Ing. lymphogr. 15 years ~ - 

A.C. 26 Ing. lymphogr. 38 years t . 

A. C, 26 Ing. lymphogr. 71 years | _ 

J.S. 19 Ing. lymphogr. 30 years | ‘as - 
J.S. 19 Ing. lymphogr. 90 years + _ 

J.S. 19 Ing. lymphogr. 106 years } _ - 
5. I 22 Ing. lymphogr. 20 years - + +4 
E. I. 22 Ing. lymphogr. 26 years 

L. M. 25 Ing. lymphogr. 13 years _ = 

L. M. 25 Ing. lymphogr. 25 years } - : 















CONCLUSIONS 


1. Lymph reaction is not prematurely positive; from twenty to twenty- 
five days after the onset of symptoms, there appear the first signs of positivity. 








2. While the process is inactivity the reaction persists positive. P 
3. We believe it to be specific for the diagnosis of lymphogranulomatous ; 1 






syndromes. 





TECHNIC OF URINALYSIS IN FAT EMBOLISM* 


CLINICAL AND EXPERIMENTAL STUDY 


FRANK J. JIRKA, M.D., AND Caro 8. Scupreri, M.D., Cuicago, Luu. 


HE authors have been studying the problem of ‘‘fat embolism in frac- 
tures’’ for a number of years. This study has necessitated the examination 
of several hundred urine specimens for the presence of fat in the urine of 
suspected cases. After a period of time, it was found that this apparently 





INJECTION OF 
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G.U. SysTEM ‘In Vitro” 





Fig. 1. 


simple investigative phase of the problem offered an interesting physical 
phenomenon which heretofore has evidently not been sufficiently emphasized, 
and for this reason was investigated by us, at this time. 

That fat is exereted by the kidneys into the urine of patients suffering 
from fat embolism, is well known and often spoken of in the literature. But 
unfortunately its detection is difficult because of one very elementary physical 
phenomenon; the fat floats on the surface of the urine, and therefore is not 
excreted from the bladder unless the last few cubie centimeters of urine are 


ee 


*From the Surgical Service of Cook County Hospital. 
Received for publication, July 21, 1934. 
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expressed. For this reason many urines examined which contain fat, appear 


negative because of this simple oversight. 

To prove conclusively this contention, two flasks were used to carry this 
experiment in vitro. The set-up used was as illustrated in Fig. 1. The flask 
above represented the kidney, the one below, the bladder. These were con- 
nected by a rubber tube representing the ureter. A second rubber tube from 
the lower flask represented the urethra. The fluid was permitted to run very 
slowly from the top flask to the lower, and fine droplets of oleic acid were 
injected into the tube close to the top flask, with a hypodermic syringe. In 
this manner we had a visual genitourinary system. 

As one looked into the lower flask, it was noticed that as the fluid ac- 
cumulated in the lower flask, the fat droplets rose to the top. (In both the 
in vitro and clinical experiments, 2 ¢.c. of oleic acid were used, divided into 
small droplets by simple shaking with water.) 

After the lower flask was filled, the pinch clamp on the rubber tube repre- 
senting the urethra was removed, and the fluid permitted to flow out. The 














Fig. 2.—Illustrating a Babcock tube as used for butter fat determinations. The uppermost 
dark layer is the centrifuged fat, which can be measured on the graduations. 


entire contents of the flask, with the exception of the last few cubic centi- 
meters of fluid, were absolutely fat free. (The authors have used both urine 
and plain tap water as the fluid in the in vitro experiment, and found the 
physical phenomena the same.) 

In order to prove conclusively what we saw so well demonstrated in vitro, 
the experiment was carried to the human being. With the kind cooperation 
of Dr. P. Nelson of the Urology Department, the pelvis of the kidney was 
injected with 2 ¢.c. of sterile oleic acid, in cases following retrograde pyelog- 
raphy. Four cases were tried, two males, and two females. 

Two to three hours after the fat injection into the pelvis of the kidney, 
the males were instructed to pass the urine into five to seven flasks, excreting 
not more than two fingers depth in each. In both cases, the last flask con- 
tained all of the oleic acid, while the others were absolutely fat free. 

Due to the difficulty of collecting the divided urine specimens in the 
female, these subjects were catheterized with glass catheters. In both cases 
the urine flow ceased without evidence of any fat floating in the flasks, but 
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when the patient was compelled to sit up, the oleic acid filled the glass 
catheter, and not another drop of urine was obtained. 

In each case the last portion of urine with the fat was placed in a Bab- 
cock tube, as used for butter fat determination in milk, and centrifuged. Less 
than 0.1 of 1 ¢.c. was found to be lost in the manipulation of each specimen. 


CONCLUSIONS 


1. Unless the bladder is completely emptied in the sitting or erect posture, 
examination of the urine for fat is worthless. 

2. All of the intraecystie fat will be found in the last few drops of urine, 
due to the physical phenomenon of floatation of fats and oils. 

3. Catheterization of the female is imperative; in the male it is more 
reliable than voluntary micturition. 

4. Direct quantitative readings of the amount of fat present in the urine 
ean be easily obtained by placing the specimen in a Babeock tube, and cen- 


trifuging for fifteen minutes. 


A SIMPLE AND ACCURATE METHOD FOR STANDARDIZING THE 
CELL VOLUME PERCENTAGE OF ANY BLOOD 
FOR SEDIMENTATION TEST* 


HvEI-LAN CuuNG, M.D., PErpInc, CHINA 


PERUSAL of the literature reveals that there is as yet no standardized 

method of performing the blood sedimentation test. The anticoagulants 
used vary from inorganic salts to biologie products, and these again vary 
from powders to solutions of different concentrations. The sedimentation 
tubes employed vary greatly in their size, height, and shape. The length of 
these tubes varies from about 60 mm. to more than 300 mm., their internal 
diameter from 1 mm. or less to 11.2 mm., their shape from cylindrical to 
rectangular, and their bottom from flat to conical. Furthermore, the methods 
of recording the rate of sedimentation also differ widely. The three principal 
methods for determination of the sedimentation rate today are: (1) the time 
method of Linzenmeier’ in which the time required for the blood cells to fall 
a ceriain distance is measured; (2) distance method of Fahraeus? and Wester- 
gren’ in which the distance the blood cells fall in a given length of time is 
measured; and (3) the graphic method of Cutler* in which the distance of the 
sedimentation of blood cells is measured at frequent intervals for a given 
period of time for construction of sedimentation eurves. Again each of these 
methods has many modifications. It is evident, therefore, that a test per- 
formed with such widely divergent technics will give results difficult of com- 


“from the Department of Medicine, Peiping Union Medical College. 
ceived for publication, Tuly 31, 1934. 
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parison. Recently Greisheimer, Treloar, and Ryan® have attempted to show 
the interrelationship of Cutler, Linzenmeier, and Westergren sedimentation 
methods, and have provided several tables from which the sedimentation rate 
or index with any two methods may be read off when the value from one 
method is known. However, the value of these tables is very limited as they 
do not provide values for sedimentation times of less than one hour. In other 
words, these tables do not provide values for predictions of markedly increased 
sedimentation index. It appears that the standardization of a generally ac- 
ceptable method for blood sedimentation is highly desirable for hematologic 
studies, and would certainly prove most advantageous for clinical work. 


Rubin and Smith® and particularly Rourke and Plass’ have shown that 
all other factors being equal, the sedimentation rate bears an inverse propor- 
tion to the volume percentage of the red blood cells; the fewer the red blood 
cells, the faster the sedimentation rate. The influence of variations in cell 
volume percentage on the sedimentation rate has also been pointed out by 
Bonniger and Herrmann,* Hubbard and Geiger,® and Gram.’ The last 
mentioned author and Rourke and Ernstene"™ have constructed charts by 
means of which approximate correction could be made for variations in hemo- 
globin percentage and cell volume percentage. These charts, however, do not 
provide any corrections for blood specimens with a hemoglobin percentage 
less than 70 or over 118, nor for blood specimens with a hematocrit value 
lower than 20 or over 55. Recently Walton'® ** has ingeniously utilized the 
percentage and dilution formula of Blacklock"* to standardize the number of 
the red blood cells of any given blood specimen before performing the sedi- 
mentation test. Walton’s method undoubtedly constitutes a definite improve- 
men in sedimentation technic. Nevertheless, it is somewhat troublesome, for 
it requires an enumeration of the erythrocytes in conjunction with each sedi- 
mentation test, and in cases with severe anemia it often requires about 10 c.c. 
of blood to obtain a reliable correction. Furthermore, Walton’s method in- 
volves the use of sodium citrate solution, which is objectionable because it 
dilutes the plasma and thus affects the sedimentation rate. As a result of the 
author’s experience with the difficulties in making corrections for the influence 
of anemia on the sedimentation rate in kala-azar’® an accurate method, which 
is much simpler than Walton’s, has been developed. This method is based on 
the fact that the hematocrit is an accurate index of anemia as well as of 
polycythemia. By utilizing a fixed hematocrit value as standard, the con- 
centration of the red blood cells of any blood can be standardized before 
performing the sedimentation. That is to say, the correction for the influence 
of anemia or polycythemia is made before a sedimentation test is performed. 
Such a direct correction is in itself superior to the indirect corrections ob- 


tained by means of reference charts of Gram,’® and Rourke and Ernstene.” 
For each sedimentation test the actual amount of the blood required is only 
1 c.c. whether Linzenmeier’s or Westergren’s method is followed. However. 
in order to determine the hematocrit value and to correct the cell volume 
percentage at the same time before performing the sedimentation test. 3 t? 
5 ¢.c. of blood are needed, depending on the severity of the anemia. U-ually 
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about 4 or 5 ¢.e. of blood are withdrawn from a vein. The blood is then 
transferred to a hematocrit tube containing 1 to 2 mg. of heparin, which is 
preferable to inorganic anticoagulants because it does not alter the size of 
the red blood cells nor the concentration of the plasma proteins. (The 
hematocrit tubes used by me consist of pipettes sealed flat at one end. These 
tubes are about 14 em. in length and have an internal caliber of about 6.5 mm. 
They are carefully calibrated to 0.01 ¢.c. and each has a graduated capacity 
of 5.0 ¢.c. Other carefully calibrated tubes with about the same capacity may 
be used.) By repeated inversion of the hematocrit tube about 20 times, the 
blood is well mixed with the heparin and coagulation prevented. It is fre- 
quently necessary to use a small clean glass rod to stir and break up the 
minute clumps of heparin to secure thorough mixing. <A _ portion of the 
heparinized blood may now be transferred to a sedimentation tube by a 
capillary pipette to determine the uncorrected sedimentation rate for com- 
parison with the corrected rate to be ascertained. The remainder of the 
blood in the hematocrit tube is centrifuged at a speed of 3,000 revolutions 
per minute for thirty minutes. This is sufficient to pack the cells to a con- 
stant volume incapable of further reduction. The volume of the cells is now 
read and the hematocrit value calculated. The excessive supernatant fluid 
is then removed, or (as in eases of polycythemia or dehydration) more of the 
patient’s plasma is added with a capillary pipette until the ratio between 
the volume of the plasma and that of the cells is 1 to 1. The hematocrit 
value is 50 when this ratio exists. The blood is then thoroughly remixed by 
inverting the hematocrit tube over and over for ten minutes to ensure even 
distribution of the cells in the plasma. It is now ready for testing the ecor- 
rected sedimentation rate regardless of whether the time method, the distance 
method, or the graphic method is used. That such manipulations of blood 
do not affect the sedimentation rate is borne out by the work of Rourke, Plass 
and Ernstene,”»'' who showed that blood sedimentation is a completely re- 
versible phenomenon under ordinary laboratory conditions including centrifu- 
gation. The author has chosen a hematocrit of 50 as the standard for corree- 


tion of cell volume, because it is a convenient figure and lies within the upper 
limit of normal hematocrit values. 


TABLE I 


Four EXAMPLES OF THE APPLICATION OF THE AUTHOR’S METHOD OF CORRECTION TO THE 
ERYTHROCYTE SEDIMENTATION TEST 


CORRECTED 
HEMO- UNCORRECTED) SEDIMENTA- 
GLOBIN HEM- SEDIMENTA- TION 
R.B.C. | ATO- TION | (WRITER’S 
DIAGNOSIS MIL- || «@M. | cRIT | METHOD) 
— eR | PER | VALUE) | DIS- | DIS- 
| CENT} 100 | | TIME |pance| TIME |qance 





0.c. | MIN. | yeas. | MIN. | yang. 
Kala-azar 0 | 4.8 | 15.7 | |» 65 | 17 
Microcytie hypo- | 1. 8] 20 | 92 | 10 40 | 142; 11 
chromic anemia | 
Aplastic anemia | 1.4 | 24. 3.5 | 13.3 | 10 41 | 240} 10 
Banti’s disease | 2s 36.5 5.3 | 18.4 | 18.5 | 35 360 6.5 
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Opinion may differ as to what hematocrit value should be chosen as the 
normal average standard for correction of anemia or polycythemia. The 
following formula will be helpful in calculating the volume of the cells and 
plasma (X) required for a given hematocrit value and a known cell volume 
when any hematocrit value other than 50 is employed for standardization of 
the cell volume: 


Observed packed cell volume Hematocrit value desired os Packed cell volume x 100 
— , - — 


x 100 Hematocrit value desired 


It is only necessary to caleulate the value of X and remove the excessive 
plasma until the volume of the ceils and plasma registers the exact value of 
X, the actual amount of the plasma being X minus cell volume. This formula 
holds even in cases of polyeythemia, in which all that is necessary is to add 
plasma up to the value X. 

It is realized that in blood with either extreme macrocytosis or micro- 
cytosis the number of the red cells in a given hematocrit may vary con- 
siderably from normal. Under such condition it is true that the above method 
does not take into consideration the number of the red cells when the blood 
is converted to a fixed hematocrit value. One must remember, however, that 
in any given specimen of blood, there are three variable factors among others 
that may influence the sedimentation, namely, the number, the size, and the 
hemoglobin content of the red blood cells. For instance, in two specimens of 
blood both having a hematocrit value of 20, the number of the erythrocytes 
and the amount of hemoglobin per unit volume of blood may vary consider- 
ably. Similarly the number of the erythrocytes as well as the cell volume 
pereentage of two specimens of blood both having a hemoglobin of 8 grams 
per 100 c.c. of blood, for example, may be quite different. It is also obvious 
that in two specimens of blood both having the same erythrocyte counts, say 
2 millions of red blood cells per c. mm., the cell volume percentage and the 
hemoglobin may not be the same. Hence the hematocrit value, the hemo- 
globin, and the number of the erythrocytes of a specimen of blood cannot be 
standardized simultaneously for a sedimentation test. In order to control 
these three factors at the same time one may have to do three sedimentation 
tests on each specimen of blood, for example, a first test after the blood has 
been standardized to a hematocrit of 50 volume per cent, a second test after 
the blood has been standardized to a red cell count of 5 millions per cubic 
millimeter, and a third test after the blood has been standardized to a hemo- 
globin of 15 grams per 100 ¢.c. This, however, is time consuming, and not 
practicable in clinical work. 

[ have found that Linzenmeier’s tubes are satisfactory for sedimentation 
tests both by the time method and by the distance method. These tubes are 
6.5 em. in length and 5 mm. in internal diameter with a capacity of a little 
over 1.0 c.c. They are marked at the 1.0 c.c. level and at a point 18 mm. 
below it. Their bottoms are concave and they hold a column of blood measur- 
ing 52 mm. from the bottom up to the 1.0 ¢.c. mark. The time require for 


the sedimentation of 18 mm., i.e., the time required for the appearance of 4 
column of clear plasma measuring 18 mm. from the 1.0 ¢.c. mark, is recorded 
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as the sedimentation time in minutes, and the distance of sedimentation or 
the length of the clear plasma column* at the end of one hour is noted as 
sedimentation distance in millimeters. Other suitable tubes may be used. 

That the method here given for obtaining a corrected sedimentation rate 
has a much wider application than the method of Gram!'® and that of Rourke 
and Ernstene'' can better be appreciated from a few specific examples. The 
results of the four illustrative cases summarized in Table I demonstrate the 
usefulness and the advantage of the method. From this table it is clear that 
the anemia in each of the four cases influences the sedimentation rate sig- 
nificantly, and that in order to be of value the rate must be corrected. But 
in all these cases neither the method of Gram nor that of Rourke and Ernstene 
is applicable because the hemoglobin and the hematocrit values are so low 
that they are beyond the correction range of the charts prepared by these 
authors. By the technic here described, however, a corrected rate can be 
easily obtained for each case. Now suppose we are dealing with a case of 
polycythemia with a red cell count of 7.5 millions per cubic millimeter, a 
hemoglobin content of 22 grams per 100 ¢.c., or 150 per cent, and a hematocrit 
value of 70. Here again the sedimentation rate must be corrected in order 
to be of value, but a correction is possible neither with the chart of Gram 
nor with that of Rourke and Ernstene as these charts do not provide correc- 
tions for specimens of blood with a hemoglobin above 118 per cent or with 
a hematocrit over 55 volume per cent. A correction, however, can be easily 
obtained by my technie. 

SUMMARY 


A simple and accurate method for standardizing the cell volume perecent- 
age of blood for erythrocyte sedimentation test is described. 
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VALUE OF H AND O AGGLUTINATION TECHNIC IN 
ROUTINE WIDAL EXAMINATIONS* 


RosEMARY Boue, A.B., M.A.. CotumBus, Onto 


N THE last few years interest has increased in a change in agglutination 

technic for the diagnosis of enteric fever growing out of Felix’s' theory 
of qualitative receptor analysis. This theory is based on observations made 
some years earlier by Smith and Reagh?* on flagellar and somatic agglutina- 
tion of the hog cholera bacillus. Felix claims that antigens of the proteus 
typhoid and paratyphoid group of organisms are not homogeneous but con- 
sist of two separate parts; the stable, somatie or O antigen, identified with 
the body of the organism, and the labile, flagellar or H antigen, identified wit! 
the flagella, each giving rise to a corresponding agglutinin. 

Whether one accepts Felix’s theory of a multiple antigen or together 
with Craigie* and others, questions the existence of two distinct fractions, is 
quite aside from the easily demonstrated fact that organisms of the enteric 
group show two dissimilar types of agglutination. Immune sera _ produced 
by inoculation of motile strains of the enteric organisms develop two various) 
acting agglutinins; one the large-flaking H agglutinins which act upon the 
flagella to produce a rapid agglutination in fluffy masses, and the small-flak- 
ing O agglutinins which act upon the somata to produce agglutination slow]) 


in compact granules, dislodged with difficulty from the bottom of the tube 


The nonmotile strains, lacking flagella, produce only O agglutinins. 

In respect to the typhoids and paratyphoids, the large-flaking H agglu- 
tinins indicate the specific infecting organism. O agglutinins are nonspecifi¢ 
and represent the group factor. Felix’s view is that the latter indicate re 
sponse to infection and show elose relationship to the course of the disease, 
the H agglutinins being negligible in this respect. Triple typhoid vaccina 
tion develops H agglutinins in high dilution. These may persist for years 
with gradual decline in titer. Felix* and also Stuart and Krikorian® ‘ailed 


*From The State Department of Health Laboratories. 
Received for publication, July 31, 1934. 
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o demonstrate O aggiutinins following vaccination but others report them 
in low dilution. An attack of enterie fever usually results in the production 
f both types, O often appearing early in the disease. In a proportion of 
cases only O agglutinins may be demonstrated. Felix’ states that it is rare 
to find only H agglutinins throughout the entire course of infection. Non- 
enteric febrile diseases following vaccination, or a previous typhoid attack, 
may give rise to an anamnestic reaction; a nonspecific restimulation of H 
agglutinins exclusively (Felix'). 

Arguing from the observed facts Felix' made the following claims: 

1. The Widal reaction resulting from vaccination and that due to enteric 
fever can be readily distinguished on the basis of type of agglutination 
observed. 

2. If prophylactic vaccination or a previous enterie infection can be 
excluded, the diagnosis of typhoid is ensured by the appearance of large- 
flaking agglutinins. 

3. Among inoculated persons showing only H agglutinins for typhoid 
and the paratyphoids, and in the entire absence of small-flaking agglutinins, 
the disease can be diagnosed as nontyphoid. 

$4. Among inoculated persons showing both H and O agglutinins, a diag- 
nosis of enteric infection, type undetermined can be made, this based on the 
presence of O agglutinins, since in inoculated individuals the type specificity 
of H agglutinins is no longer applicable. 

In England and on the Continent a procedure designed to demonstrate 
both H and O agglutinins has been used for a number of years. It is only 
recently in this country that the practical value of a more inclusive technic 
has been investigated. The work of the New York State** and Michigan 
Departments of Health* is notable and the present survey of the Coordination 
Committee on Standard Methods of the American Public Health Association, 
also the contributions of Dulaney et al.* °° 

Our own interest in the need for a change in the time-honored Widal 
set-up dates back several years when a marked discrepancy was noted in 
two types of Widal test as carried out by us. In routine procedure 
received were examined in hanging drop preparation (dilution 1:4 


a live broth culture of typhoid bacilli. Sera giving positive or atypi®al re- 
sults were titrated macroscopically (dilutions 1:20—1:320) against the eus- 
tomary antigen; a phenol or tri-cresol killed typhoid suspension. A fair 


proportion of sera giving positive results with the live culture were com- 
pletely negative in macroscopic test. This discrepancy is easily explained 
on the basis of H and O agglutination. A live motile culture against suitable 
‘era reveals both H and O agglutinins. It is recognized, however, that a 
phene ized or formolized antigen is not adequate for the demonstration of 
age utinins (Felix and Olitzki''). Therefore, given a serum containing only 
” age'utinins, the result is negative with the preserved suspension, although 
the same serum is positive against the living organism or an antigen designed 
to deronstrate O agglutinins. 
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Following this observation, the value of a more inclusive technic for 
routine use was investigated. The present paper is an analysis of 250 sera, 
positive microscopically, which were subsequently titrated against both H 
and O antigens, and on which it was possible to obtain clinical diagnosis and 
vaccination history. 

Antigens.—Many laboratories find it impractical for a variety of reasons 
to use live organisms for agglutination purposes, therefore it has been com- 
mon practice to adopt a phenolized or formolized suspension for Widal tests. 
As has been pointed out, this type of antigen indicates only H agglutinins. 
The suppression of O may be due, according to Felix and Olitzki,"' to their 
impairment by formalin, or as in Craigie’s* view, the bodies of the organisms 
may be kept apart mechanically by the formalin hardened flagella, thus pre- 
venting somatic agglutination. For both H and O readings a second antigen 
must be included. This double set-up is preferable to a single antigen of 
live motile organisms. In our opinion, except for hanging drop technic, a 
live suspension is unsatisfactory rather than impractical. We have found 
that a formolized suspension gives a more clear-cut H reading than the live 
eulture, probably due to the hardening effect of formalin on flagella. In 
addition Felix has pointed out the difficulty of making H and O readings in 
the same tube. 

For the present work H antigens for typhoid, paratyphoid A and para- 
typhoid B were prepared according to the method of the Medical Research 
Council, London, England,’? which ealls for veal broth formolized suspensions 
of selected motile strains. For pure O antigen the aleohol method of Bien 
and Sontag'* was followed, using Felix’s nonmotile strain, typhoid 901. 0 
antigen may also be made by this method from the motile organism since alco- 
hol destroys the flagella, resulting in a pure somatie product. 

Experimental.—This laboratory has found it a reasonably safe procedure, 
when dealing with large numbers of sera routinely, to eliminate negative 
specimens by preliminary microscopic test, with small risk of missing an ocea- 
sional positive which might not appear in 1:40 dilution. In proof of this, 100 
sera, negative microscopically, were titrated macroscopically using H and 0 
antigens. The results were completely negative. On this basis all sera re- 
ceived for Widal test were examined in hanging drop preparation (dilution 
1:40) against a motile typhoid culture, maintained for many years by daily 
broth transfer. Two hundred fifty sera giving complete or partial agglutina- 
tion in this way were titrated against three H antigens; typhoid, paratyphoid 
A and paratyphoid B and typhoid O (dilutions 1:20—1:320). Five-tenths 
cubic centimeter quantities of sera and antigens were set up using « four- 
hour incubation period in the water-bath at 52° C.—55° C. followed by 37° ©. 
overnight. H readings were made at the four-hour period; O readings after 
37° C. incubation. Agglutination was read to the limit of visibility with the 
naked eye. 


Table I gives the classification of these sera on the basis of elinica! diag- 


nosis and vaccination history. They are arranged in four groups: 1; phoid 
eases, vaccinated and unvaccinated, nontyphoid or undetermined cass, vac 
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cinated and unvaccinated. Tables II through V record the type of agglutina- 
tion in the four groups listed above. Table VI is a summary of the foregoing 
and shows the percentage distribution of the various types of agglutination 
for each group. The curves in Chart 1 express the same results. 

TABLE I 


CLINICAL DIAGNOSIS AND VACCINATION HISTORY 


; TYPHOID VACCINATED NONVACCINATED 


205 10 195 
NONTYPHOID OR UNDE- 
TERMINED 
45 


TABLE ITI 


TYPHOID CASES NONVACCINATED 


NUMBER OF TYPE OF AG 
SPECIMENS GLUTINATION 
117 H+ 
O+ 
A 
B 
H 
O+ 
A- 
B- 
H+ 
O 
A- 
B- 
H+ 
O+ 
Ae 
B+ 
H+ 
O 
A+ 
B+ 
H 
O+4 
A- 
B+ 
195 
Total 


Table IT: The majority (60 per cent) of typhoid patients unvaccinated 
showed both H and O agglutinins at the time of test. Although the tables 
are not planned to indicate the degree of agglutination at each titer, in most 
Instances as the higher dilutions were approached, H agglutination was more 
complete than O. Among the 117 typhoid patients developing both H and O 
agglutinins, 44 per cent gave higher titer for H than O, 24 per cent showed 
a higher O titer than H, and in 30 per cent the titer was the same for both. 
In a study of 32 typhoid sera Dulaney’ found 53 per cent giving higher O 
iter than H; in 12 per cent H exceeded O and 31 per cent gave approximately 
the same titer for H and O. One serum developed neither agglutinin. The 
Predominance of higher O titers in Dulaney’s series is probably due to the 
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fact that she used a longer incubation period at 52° C., twenty-four hours. In 
our series a proportion of sera gave only H (11.7 per cent) or only O (24 per 
cent) agglutinins. It is recognized that O agglutinins develop early in the course 
of infection. Later tests doubtless would have revealed the specifie H anti- 
body in some instances. However, if a technic using only a formolized or 
phenolized H antigen had been followed, the laboratory result of necessity 
would have been negative. With but one opportunity to present a report, 
the error would have been considerable. A small percentage (3.5) of sera 
developed H agglutinins for all three types. Misinformation as to vaccina- 
tion history is a possible explanation here, although Felix* notes an occasional 


nonvaccinated case showing multiple H agglutinins. The one serum giving 
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Chart 1.—Agglutination types in four classes of sera. 


O agglutination and paratyphoid B in the specifie H type suggests paratyphoid 
infection although the organism was not isolated. 

Table III: The number of patients in the typhoid vaccinated group 
is small. As is to be expected, a proportion (40 per cent) gave all four types 
of agglutination. Since vaccination complicates the serologic picture, the 
laboratory diagnosis would be limited to a statement of enteric infection of 
undetermined type, this on the basis of O agglutination. 

Tables IV and IVA: In the nontyphoid nonvaccinated group many com- 
binations of the agglutination picture are found. In most instances |'\e p& 
tient’s history helps to give an explanation of the results. Table IV \ is 4 
detailed record of the 17 sera included in this group. Natural agg! itinins 
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TABLE III 
TYPHOID CASES, VACCINATED 
NUMBER OF TYPE OF AG- 
SPECIMENS GLUTINATION 40 
3 H+ 1 
O+4 
A 
B- 
H+ 
O+4 
A+ 
B+ 
H4 
O- 
A+ 


10 
Total 


may explain those of very low titer. In addition there are doubtless typhoid 
cases unrecognized clinically. Nos. 1 and 3 well may be of this class. Previ- 
ous typhoid history accounts for the results in at least two (Nos. 5 and 13). 
Of interest are the four sera giving agglutination results with Brucella abortus 


(Nos. 7, 10, 11, 12) three of which are definitely diagnosed as undulant fever, 


and serum No. 16 in which the Wassermann and Kahn are positive. There 
are repeated records in the literature to indicate that many nonrelated infec- 
tions may stimulate the production of typhoid agglutinins. Gilbert and 
Coleman" record the results on 150 undulant fever cases. A proportion of 


these with no history of vaccination or enteric infection gave definite typhoid 


TABLE LV 


NONTYPHOID OR UNDETERMINED CASES NONVACCINATED 


NUMBER OF TYPE OF AG TITER 
SPECIMENS GLUTINATION ‘ 80) 
5 H+ 

O+4 

A- 

B- 

H 

O+4 

A 

B- 

H+ 
oO 
A 
B- 
H+ 
O4 
A4 
B+ 
H+ 
O- 
A+ 
B+ 
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agglutination. The possibility of inaccurate vaccination history is a consid- 





eration in at least three cases (Cases 14, 15, 17). Case 14 is a nurse who 






has doubtless been vaccinated. Cases 15 and 17 are men of military age who 





may have had war service and therefore triple typhoid vaccination. 






IVA 


NONTYPHOID OR UNDETERMINED CASES NONVACCINATED 


TABLE 























NUM TYPE OF AGGLUTINATION CLINICAL 
NAME - 7 REMARKS 
BER TYPHOID H TYPHOID O PARA A PARA B DIAGNOSIS 


R.S8. 





















1:320) +4++ 1:160 _ - Mixed infee- Exposure to mala 

















tion ria 
9 M.D. ++ 1: 20) ++ 1: 80 Influenza 
3 L.J. [+++ 1:320/4+4+44 1:320 - Ethmoid cell, Temp. 103, white 
| infeetion count 4,300 
4 Mrs. B.} +++ 1:160) ++ 1: 40 Influenza 
5 J.C. Ht+ 1:320 + 1: 80 Typhoid Typhoid 2 yeurs 
carrier ago 
6 E. B. ++ 1: 40 Persistent 
low fever 
7 D. A. +++ 1:160 Cystitis Agg. with Br. 
Abortus 1:40 
8 A. H. ++ 1: 20 - Influenza 






Perineal ab- 


scess 

























10 A.J. 1:160 Undulant Agg. with Br. 
fever Abortus +1 :2560 
1] C.G.  |H+H+ 1:32¢ . Undulant Agg. with Br. 
fever Abortus +1:40 
12 R. H. |4+4++4+ 1: 40 Undulant Agg. with Br. 
fever Abortus +1:2560 
13 Mrs. T 1: 80 1: 20) ++ 1:160 + 1: 40| Question- History of typhoid 
able | in childhood 
14 D. 8. H+ 1:320 + 1: 80) ++ 1: 80)++4++ 1: 40) Question- A nurse 
able 
15 | LR. +++ 1:160 tH++ 1: 8C/4+++ 1: 40] Empyema | Male 
Age 49 
16 L.B. j++ 1:320 ++ 1:32 + 1:320) Pyelitis | Wassermann 
Kahn 
17 M. E. +++ 1:160 H+ 1: 404444 1:320) Undeter Male 
mined Age 40 







Table V: H agglutinins predominate in the nontyphoid vaccinated groups; 





64.2 per cent showed the H type only, usually for typhoid, paratyphoid A and 






paratyphoid B, since triple typhoid vaccination is common; 35.7 per cent de- 





veloped O agglutinins also but in no ease did the O titer exceed 1:80. Both 






Gardner’ and Dulaney® report a higher titer than this in vaccinated patients. 





However, all workers are agreed that the O titer following vaccination does 






not reach the levels developed by an attack of enteric fever. 
Relation of Agglutination Results to Positive Blood Culture.—Of the 250 


ry cen: 






specimens under consideration, blood cultures were made on 118. Aft 






trifuging, the clots were cultured overnight in peptone bile and streaked on 
Endo plates the following day. Typhoid bacilli were isolated in 29 cr 24.0 
per cent. Although these specimens are submitted primarily for scrologi¢ 
test and often do not reach the laboratory in ideal condition for cultur there 
is very evident value in including a blood culture as part of the dia nosti¢ 
technic on specimens intended for Widal test. Table VII lists the ositive 
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oid 
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cultures and shows their relation to agglutination results. Fourteen (48 per 
cent) gave both H and O agglutination, two (7 per cent) H only, eleven (37 
per cent) O only, and two (7 per cent) agglutinated in all four types. The 
results show that it is possible to obtain a positive blood culture after both 
H and O agglutinins have developed. Of particular interest is the large 
proportion of positive cultures where the sera showed O agglutinins only. 
These are doubtless early cases. It is known that O agelutinins appear early 
in the disease and positive cultural findings are also associated with this 


TABLE V 


NONTYPHOID CASES VACCINATED 


NUMBER OF TYPE OF AG 
SPECIMENS GLUTINATION 
D H4 
O+ 
A 
B- 
H4 
O 
A- 
B 
H4 
O+4 
Ad 
Bs 
iH 
8) 
Ad 
Bi 
H4 
O+ 
Ay 
B 
Hs 
O 
A4 
B 


TABLE VI 


AGGLUTINATION TYPES IN Four CLASSES OF SERA 


TYPE OF AGGLUTINATION 
H+ + H 
oO} 4 TOTAL 


Typhoid 117 
Nonvace ited 60.0% 
Typhoid 3 

Vaecinate| 30.0% 


7/0} 


Nontyphoid 5 3 


Nonvaeein:ted 29.4% | 17.6% 


Nontyph | 
Vaceinaté 
ee 
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TABLE VII 


AGGLUTINATION TYPES ASSOCIATED WITH POSITIVE BLOOD CULTURE (B. Typhosus) 








TYPE OF AGGLUTINATION AND TITER 








a TYPHOID H | TYPHOID 0 PARA A PARA B a 

1 1-320 1—160 ‘a = 

9 1... £6 1— 40 a 

3 1— 80 5... $8 

4 1. 96 1-160 

5 1—160 1— 40 

6 1-320 1-320 

7 1-320 1-320 

8 1— 40 1— 80 = 

9 1— 80 1— 40 ‘ 

10 1-160 1— 40 me 

1] 1-320 1-320 : 

12 1-160 1-160 ‘ 

13 1— 40 1-160 _ 

14 1— 80 1— 80 . 

15 1-320 : 

16 1— 80 _ : aa 

7 . 1— 40 - | 

18 a - | 

19 1. 26 . 

20 1-320 - Third week of illness 

21 - 1-320 on 

22 1— 40 - 

23 1— 80 

24 1— 40 - 

25 1— 80 - 

26 - 1-160 - Seventh day of illness 

27 ~ 1— 40 - _ 

28 1-320 1-320 1-320 1-320 | Fourteenth day of illness 
Vaccinated 8 wk. pre: 
viously 

29 1— 80 1— 40 1— 40 1— 40 No vaccine 


period. Aside from indicating the importance of including a blood culture 
with the serologic test, these results emphasize the value of O technic in routine 
procedure and its diagnostic importance even in very low titer, particularly 
so when vaccination can be exeluded. Eight of the eleven specimens giving 





positive blood culture and showing O agglutinins only, developed a titer of 





1:80 or under. In two the titer limit was 1:20. 










DISCUSSION 











In a laboratory receiving Widal specimens from a wide geographic area. 
it usually happens that but one blood sample is received throughout the 
course of illness. Information concerning clinical diagnosis, time of onset and 
vaccination history invariably is meager if given at all. Follow-up informa- 
tion or additional specimens are difficult to obtain. This gives no opportunity 
to apply Dreyer’s technic to trace the fluctuation of agglutinins, a method 
claimed to have diagnostic value. Under these conditions it is essential that 









some method of laboratory diagnosis be adopted which will give the sreates! 
amount of information both to the doctor and the laboratory. We fee! that 
this can be accomplished by eliminating negative sera by microscopic tvst and 
titrating all other specimens against H antigens for typhoid, paraty) oid A 
and paratyphoid B and typhoid O. In addition, the clot should be « itured. 
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In this way it is possible, within limits, to differentiate vaccination cases from 
those of enteric fever and to make serologic diagnosis at any stage of the 
disease at which agglutinins of whatever type are developed. 

For diagnostic purposes Felix suggests a single dilution of 1:100 or 1:200 
against H and O antigens as adequate procedure in the majority of instances. 
In discussing O agglutinins Gardner sets an O titer of about 1:200 as probably 
diagnostic of infection regardless of vaccination. Dulaney suggests 1:500 to 
1:1000 as strong indication of specific disease. These figures doubtless vary 
somewhat with the sensitiveness of the antigen and other conditions of the 
test. In our opinion serial titration with all four antigens is essential when 
but one test can be made. A range from 1:20 through 1:320 is sufficiently 
wide for most sera. It is probably sufficiently high to exclude nonspecifie O 
agglutinins and the low titers will indicate very early cases which might 
escape detection with but one mean dilution. If all three H antigens are 
used, it is unnecessary to extend the H titration to the end-point, since mul- 
tiple H agglutination in reasonable titer usually is an indication of vaccination. 


SUM MARY 


H and O agglutination results are presented on 250 sera submitted for 
Widal examination, and the results of blood culture on the same specimens 
are given in a proportion of these. By the use of multiple antigens it is 
possible, within limits, to distinguish vaccination cases from those of enteric 
infection. The majority of nonvaccinated typhoid cases develop both H and 
O agglutinins. Either type may be present alone. Triple typhoid vaccination 
stimulates the production of H agglutinins in high titer; O agglutinins may 
be present but in comparatively low dilution. 

Based on these results a routine Widal procedure is suggested for lab- 
oratories handling large numbers of sera and having but one opportunity of 
testing a given specimen. By this method negative sera are eliminated in 
microscopic test with a live typhoid culture. The remainder are titrated 
against formolized H antigens (typhoid, paratyphoid A, and paratyphoid B) 
and alcoholized typhoid O. A dilution series from 1:20 through 1:320 usually 
is adequate to rule out nonspecific O agglutinins and to indicate very early 
cases. [5lood culture is recommended on the same specimen used for serologic 
test. 


Acknowledgment is given to Calvin Kersell, Assistant Serologist, for valuable service in 
Preparing antigens, and setting up many hundreds of tests from which those under discussion 
Were selected, 
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URING the past decade the clinician has been confronted with many 

problems in the diagnosis of obscure symptoms and complexes. The 
problem of accurate diagnoses has been made more difficult on account of these 
complex factors associated with modern changes in our daily existence and 
environment. It is scarcely necessary to call attention to the daily visits of 
many thousands of patients who return from their professional visit with un- 
certain minds as to the causative factors concerned with their disturbed 
metabolism. Many neurologic symptoms associated with brain physiology 
and the associated involuntary nervous system, many problems of internal 
character associated with the ‘‘so-called”’ reticulo-endothelial system, as wel 
as dermatologic lesions hitherto unexplained, have recently been associated 
with the intake of metals and their resultant pathology. Such clinica! sy 


dromes as dermatitis, endarteritis, Raynaud’s disease, various muscu 


trophies and atrophies, and particularly reticulo-endothelial dysf ons 
have been directly associated with this metallic retention. 

Time and space will permit only a brief reference to some of our | Is 
studies. It has been emphasized by us that in our present mode of living ™ 
gestion and contact absorption of heavy metals constitutes a seriou- yubli 

It is our belief that these studies first called attent on to 4 





health hazard. 
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third type of toxemia which has been designated as the ‘‘subchronic stage’’ 
which is associated with the cumulative action of small amounts of metal. 
This syndrome may require many weeks or even years before the serious 
character of this cumulative action manifests itself. The small amounts of 
metal accumulate in areas of cell damage. It may be a psoriatic lesion, a 
traumatized area, a diseased liver, locations of disease or any other injured 
part, and, in these, the metals readily accumulate serving as the fulminating 
factor. Our concern has been chiefly with arsenic, lead, nickel, and mercury. 
The common sources of exposure will be described in detail in other ar- 
ticles dealing with the clinical results. The present study will deal with the 
detection of lead in organie material, and a discussion of interfering sub- 
stances. Our clinical problem concerns not the plumbism associated with 
massive doses or contacts yielding acute symptoms, but, on the contrary, it 
is associated with the little known, a slow, subtle, insidious saturation of the 
system by infinitesimal doses extending over a long period of time and pro- 
ducing a group of symptoms altogether different from the recognized forms 
of plumbism. Industrial lead poisoning ranks second in New York state, and 
the place of our ‘‘subchronic stage’’ has vet to be allotted recognition not- 
withstanding its wide prevalence. The results being presented open the way 
to a diseussion of the ‘‘so-called’’ normal lead content, and then the relation 
of this retained lead will be discussed in connection with arthralgia and 
neuritis, muscular atrophy, cancer, and dysfunction of the vegetative nervous 
system 

Many clinicians have found that the manifestations of lead poisoning 
may resemble those which result from other organic diseases and that a dif- 
ferential diagnosis on the basis of their clinical findings alone has been diffi- 
‘ult. In the study of some of these obscure cases the laboratory has been able 
furnish the medical profession with additional information. From the 
of the literature it has been found that the methods for the quantita- 
etection of minute quantities of lead in biologie fluids and tissues are 
iIthough eriticisms and modifications are found in abundance. However, 
a careful review will show that there is usually some modification of the Fair- 
hall method. It is our purpose here to restrict ourselves purely to the analyti- 
eal study of this lead procedure and its application to biologic material. The 
as reported in this research will furnish the basis of the data which 

ised in our future clinical reports. 


‘ studies do not include the isolation of minute quantities of lead by 


' electrochemical, microscopic, or spectrographie methods. The pro- 


vhich have been followed have been based upon Fairhall’s volumetric 
rimetrie estimations. 


DETERMINATION OF LEAD IN BIOLOGIC MATERIAL 


eparation of Samples.— 

‘ine: A liter of urine is used whenever possible. The urine must be fresh or 
referably, with thymol, It is made ammoniacal by the addition of 50 e.e. of 
{ ammonium hydroxide and allowed to stand overnight. The lead is carried down 
1ent in the phosphate precipitate. Most of the supernatant fluid may be siphoned 
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off and the rest of the sample is filtered through 12.5 em. No. 40 Whatman filter paper. The 
specimen is dried in the oven and is then ready for ashing and extraction. 

B. Blood: Whenever possible, 10 ¢.c. of oxalated blood are measured into a weighed 
Coors porcelain crucible and dried in the oven. Clot may be used. When the specimen is 
dry it is weighed before ashing to determine dry weight. 

C. Feces: The sample is placed in a weighed Coors porcelain crucible, dried, and weighed 
before ashing. 

D. Spinal Fluid: A measured volume is placed in a crucible, weighed and dried in the 


oven before ashing. 





E. Hair and Nails: Weigh and ash. 

F. Tissue: Dry, weigh and ash. 

II. Ashing and Extraction.— 

The samples are ashed as completely as possible at red heat over a Bunsen flame. About 
1 c.c. of fuming nitric acid may be added to the urine, feces, and blood samples to complete 
the ashing. This is not necessary with spinal fluid, hair, nails, and tissue. 

The crucibles are cooled and 7 ¢.c. of 1:2 hydrochloric acid are added. The acid is 
boiled gently in the crucibles, cooled and filtered through 7 em. No. 40 Whatman filter paper 
into a 250 ¢.c. Pyrex Erlenmeyer flask. The crucibles are washed four or five times with 
approximately 5 c.c. of cold, distilled water for each washing. The washings are added to 
the filtrate and the final volume is about 35 c.c. 

The filtrate is made just alkaline with approximately 5 ¢.c. of 25 per cent sodium hydrox 
ide, then just acid with 1:2 hydrochloric acid and 1 ¢.c. of acid is added in excess. Methyl or 
ange is used as an indicator. The solution is diluted to about 150 ¢.c. and hydrogen sulphide is 
passed into the cold solution for thirty minutes. The sample is then allowed to stand over 
night to insure complete precipitation of lead sulphide. 

The sulphide solution is filtered through 12.5 em. No. 40 Whatman filter paper. The 
flasks and filters are washed three times. About 15 c.c. of distilled water are used for each 
washing. Fifteen cubie centimeters of hot 1:1 nitric acid are used to dissolve the lead 
sulphide precipitate and this is caught in the precipitation flasks. The filters are washed with 
hot water until the total volume in the flasks is about 50 ¢.c. This solution is evaporated down 
to about 5 ¢.c. and transferred quantitatively to a 150 ¢.c. Pyrex beaker. The total volume 
of solution and washings should be about 50 ¢.c. Three drops of phenolphthalein are added 
and the sample made just alkaline with 25 per cent sodium hydroxide, just acid with 10 per 
cent acetic acid and 1 ¢.c. of acid is added in excess. The contents of the beaker are boiled, 
then 1 c.c. of 1 per cent potassium chromate is added and then heated on the water-bath for 
one hour, then allowed to stand overnight. 

The chromate is filtered hot through 7 em. No. 40 Whatman filter paper, then both 
beaker and filter are washed three times, each with hot water using about 10 e.c. for each 
washing. The chromate precipitate is dissolved off the filter paper with 2 ¢.c. 1:2 hydrochloric 
acid which is caught in the precipitation beaker. The filter is washed with 40 c.c. of water 
added in small portions, Five cubie centimeters of 10 per cent potassium iodide are added to 


each sample and after three minutes they are titrated with 0.005 N sodium thiosulphate, using 


starch as an indicator. One cubie centimeter of 0.005 N sodium thiosulphate equals 0.54.1 mg. 
lead. A microburette used for the titration is graduated in 1/100 ¢.e. graduation. The 1\) pe? 
ution 


cent potassium iodide solution is made up fresh each time. The sodium thiosulphate s 
The keeping and 


is made up fresh each time from a stock solution of 0.1 N thiosulphate. 
uanti 


standardization of the stock solution of sodium thiosulphate may be found in any good 
tative analysis book. 


The method outlined can be used for the determination of lead in v.rious 
kinds of biologic material. The accuracy of this method of analysis was ested 
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by the addition of known amounts of lead to the different biologic fluids and 
tissues. The amount of lead recovered and the error of determination will be 
found in Tables I, II, and III. 

In analyzing the results of the tables it will be noted that the error is 
more or less constant. The error is not proportional to the quantity of lead 
determined, and it is felt that it is largely an error of end point. In a review 
of the literature it was found that Fairhall, in his analyses, observed this same 
condition. In our earlier work on lead it was found that by using a burette 
graduated to 0.1 ¢.c. divisions, a much larger error due to titration was intro- 
duced. In our present work a microburette graduated to 0.01 ¢.c. divisions 
is used. 

In Table II will be found the results obtained by several of our laboratory 
workers. Even these results do not warrant the criticism that is found in the 
literature. The greatest errors in this particular study were found when 
0.5 mg. of lead was added to the biologie specimen to be analyzed. In passing, 
it should be said that this method may be used by various workers in the 


TABLE I 


RECOVERY OF LEAD IN BIOLOGIC MATERIALS 


VOLUMETRIC METHOD 


; AMOUNT LEAD ADDED LEAD FOUND 
MATERIAL : : ERROR 
CC. MG. MG. 
Urine* 800 0.05 0.046 0.004 

R00 0.05 0.065 +0.015 
S00 05 0.058 +0.008 
800 10 0.103 40.003 
550 10 0.095 0.005 
S00 10 0.108 +0.008 
S00 0.10 0.085 0.015 
500 15 0.172 —0.022 
S00 15 0.145 —0.005 
S00 20 0.195 —0.005 
R00 20 0.213 +0.013 
800 20 0.208 +0.008 
R00 20 0.182 0.018 
800 20 0.196 0.004 
800 20 0.191 —).009 
800 20 0.205 +0.005 
SOO 20 0.2001 +0.0001 
800 0.20 0.191 -0.009 
R00 0.25 O.235 0.015 
800 0.30 0.336 0.036 


AVERAGE ERROR + 0.001 


Blood 10 0 0 0 
10 0.05 0.48 —0.002 
10 0.05 0.495 0.005 
10 0.10 0.116 +0.016 
10 0.10 0.083 —0.017 
10 0.15 0.143 0.007 


AVERAGE ERROR + 0.005 


Spinal i 0.05 0.041 —0.009 
0.05 0.041 —0.009 
0.05 0.043 —0.007 


AVERAGE ERROR — 0.008 


77 amount of lead found represents the total lead recovered minus the lead present 
n the posite sample of urine. 
buret used in these determinations was graduated in 0.01 c.c. divisions. 
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laboratory and the results are very much in accordance with each other 
This fact alone is of great importance because so many methods, which are 
reported, seem to be carried out successfully only by the person or persons 


who originally worked on the method. 


TABLE II 


* 


RECOVERY OF LEAD IN URINE 


VOLUMETRIC METHOD 

LEAD ADDED LEAD FOUND LEAD ADDED LEAD FOUND 

MG. MG. MG. MG. 
0.10 0.11 +0, 0.25 _ 0.2] 0.04 
0.10 0.10 0. 20 0.05 
0.10 0.09 —0.0] 19 0.06 
0.10 .09 01 19 0.06 
10 07 .03 19 0.06 
10 ll +0.01 19 0.06 
10 AZ +0.02 0.27 +0.02 
125 .O8 045 WY | +0.02 
125 .O8 035 23 0.02 
22 .03 2) ~0.04 
21 04 .20 —0.05 
19 06 39 0.11 
26 40.01 36 0.14 
.24 01 wot 0.13 
28 +0.03 .39 0.11 
woe .03 35 0.15 
19 06 0.40 0.10 
woe 03 0.42 —0.08 
26 | +0.01 0.38 0.12 
24 01 0.35 0.15 


20 05 


ERROR 


bo to toto 


— © 
2 
~!t9 


Stoto tot 
— orore 


fo fo bs 
wore 


bo bo be 
or or or 


2 


9 
» 
9 
» 
” 


*500 c.c. of urine used in each determination. Buret used in these titrations was g! 
uated in 0.1 c.c. divisions. 


In our study of the presence of minute quantities of lead in biologic ma- 
terial, the possible presence of interfering metals was realized and their effect 
investigated. At the present time these complicating substances have been 
added to both fresh and old urine. It was found in this research that copper 
and bismuth are the two metals which cause the greatest interference. 

Table III gives not only the amounts of lead detected in the presence of 
other substances, but, also, additional results showing the amount of lead 
which has been recovered from urine to which known amounts of lead had 
been added. These recoveries also show that the technic of the method is 
improved with constant manipulation, and that these results prove the ac- 
euracy of the Fairhall method when adapted to minute quantities of lead in 
biologie material. 

So many reports in the literature state that the volumetric method, as 
devised by Fairhall, could not detect the minute quantities which would be 
found in biologic material, and suggestions were given for the use of color- 
imetrie determinations. It has never been our opinion that the results from 
colorimetric procedures could compare with volumetric, but, nevertheless. 
convince ourselves in regard to this point in connection with our analytical 
studies of lead these determinations were carried out. The method used is 
essentially the same as described in the first part of this paper up to the point 





. 
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TABLE LIT 
LEAD IN URINE IN THE PRESENCE OF OTHER METALS 
VOLUMETRIC METHOD 


LEAD ADDED OTHER METALS ADDED LEAD FOUND 
MG. MG. MG. 
0.20 0.2001 +0,0001 
0.20 .05 mg. Cu 0.2001 +0,.0001 

.20 10 mg. Cu 0.188 -0.012 
.20 15 mg. Cu 0.203 +0.003 
20 20 mg. Cu 0.214 +0.014 
.20 25 mg. Cu 0.215 +0.015 
20 60 mg. Cu 0.196 0.004 
20 .50 mg. Cu 0.133 0.067 
20 .00 mg. Cu 0.176 0.024 
20 00 mg. Cu 0.207 0.007 
20 00 mg. Cu 0.257 +0.057 
.20 00 mg. Cu ‘u_ interfered 
05 0.065 +0.015 
10 0.108 +0.008 
20 0.191 0.009 
20 0.191 0.009 
.20 20 mg. 0.148 0.052 
20 25 mg. 0.2002 | +0,0002 
.20 | ; mg. | 0.207 +0.007 
20 J mg. > 0.193 —0.007 
20 4 mg. 0.2002 | 10.0002 
.20 .00 mg. 0.162 0.038 
.20 | : mg. 0.2001 } +0.0001 
0.20 f mg. 0.2001 +0.0001 
.20 y mg. 0.210 +0.010 
20 | 0.191 0.009 
20 ’ mg. 7 0.191 0.009 
0.20 T mg. 0.205 t0,005 
0.20 | i mg. r } 0.191 | 0.009 
0.20 .00 mg. i interfered 
0.20 0.191 0.009 
0.20 05 mg. Fe 0.210 10.01 
mg. 
0.20 : mg. ’ 0.188 —0.012 
.10 mg. 
0.20 15 mg. °0.217 +0.017 
15 mg. 
0.20 20 mg. 0.210 L0.01 
20 mg. 
0.20* 0.155 ~0.045 
0.20" 00 mg. Ca 0.145 —0.055 
0.20* 40.00 mg. Ca 0.148 -—0.052 
0.20* 30.00 mg. Zn 0.184 0.016 
H.20" 5.00 mg. Bi 0.114 —0.086 
0.20" 10.00 mg. Bi Bi interfered 
0.20* 100.00 mg. Fe 0.213 +0.013 
1.20* 30.00 mg. Hg 0.174 —0.026 


ERROR 





ine specimens were old and no preservative had been added. 


where all the soluble chromate is removed by filtration and repeated wash- 
Ings, 


ie procedure from there on is described in the following paragraphs: 


COLORIMETRIC PROCEDURE 


: This residue is then dissolved in 7 ¢.c. of cold 1:2 HCl and the solution caught in the 
Precipitation beaker. The acid is allowed to rinse the sides of the beaker and is then trans- 
ferred to a 50 ¢e.c. volumetric flask. The paper and beaker are rinsed with several portions 
of cold water which are also added to the flask until it contains about 40 c.c.; 1 ¢c. of 
diphenyl «.rbazide is added and the volume made up to 50 e.c. The best results are obtained 
when the color is that given by about 0.1 mg. of lead. The standard is prepared in another 
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of standard lead chromate 





of 1:2 HCl, water up to 40 ¢.c., 1 ee. 
of diphenyl ecarbazide and water up to 50 ee. The 


50 e.c. flask by adding 7 e.c 


solution (1 ¢.c. = 0.1 mg. lead), 1 e.e. 






unknown and standard are compared in a colorimeter. 





It is important that the standard and the unknown be nearly the same color. This can 


be arranged by varying the amount of standard lead chromate used or by diluting the unknown 







If the unknown proves to have much less than 0.1 mg. of lead, another standard should be 





made adding all reagents except the lead chromate and adding that drop by drop until 
Note the total amount of lead chromate 





the resulting color is similar to that of the unknown. 







solution added. 





If the unknown appears to contain a much larger quantity of lead than 0.1 mg. (as shown 


by the amounts of sulphide and chromate precipitate), the acid solution of the chromaté 





may be made up to 50 ¢.c. with water and an aliquot of that solution diluted again, so that 
When this is done, more 





the amount of lead in a 50 ¢.c. volume will be from 0.1 to 0.2 mg. 
acid should be added to the final dilution to make the total amount equivalent to that in the 






standard. The setting of the standard in the colorimeter varies with the depth of color 
The standard can be matched against itself at different positions to find which is most suitable 


The lighter shades are more easily matched. 








The reagent used to develop the color is a 1 per cent solution of S-diphenyl carbazide in 
glacial acetie acid. The standard lead chromate solution was prepared by dissolving 0.1561 
gm. pure lead chromate in 200 ¢.c. of 10 per cent HCl and diluting to a liter with water 
This solution may be checked against a standard potassium dichromate 






1 c.c. = 0.1 mg. lead. 


The use of the reagent S-diphenyl carbazide may offer a satisfactory solution de 





solution. 
termination of lead, but, on account of the impure form in which most of it is obtained, 
The purifaction of this reagent is a very important fact 





+} 





accuracy is open for discussion. 





so far as colorimetric lead methods are concerned. 






Calewation.— 










Mg. Lead in Standard* Mg. Lead 









Reading of Standard/Reading of Unknown* 







































| 


chromate should be thoroughly washed with warm water and finally should be washed as 





pletely as possible from the filter paper into the flask. 





with 2 to 5 e«.c. of 1:1 HCl] followed with warm water to remove last traces of chro 


























*Diluted to 50 c.c. 








The filter paper should be w ashed 









Sample. 
FAIRHALL METHOD—(ABSTRACT OF ORIGINAL VOLUMETRIC METHOD) | 
1 
1. Ashed at below red heat. : 
2. Excessive and prolonged heating avoided and ashing accelerated by extracting residue i 
with HCl and hot H,O. Uses tartaric acid plus few drops of HCl to dissolve remaining residue ‘ 
c 
Tartaric acid must be tested for lead.) 

> . . * . . ° J é 
3. Neutralize with NaOH using methyl orange as an indicator and finally adding : 
sufficient HCl to give a distinct acid reaction. Avoid excess acid since incomplete pr« 
tion of lead may occur in the following step. t 
4. Saturate lead with hydrogen sulphide to precipitate the lead sulphide. After filtering I 
preeipitate should be washed with boiled distilled H,O and dissolved in from 2 to f 8 
concentrated nitric acid. The solution of lead nitrate is then boiled to expel the rogen I 
sulphide. It is then neutralized with NaOH and acidified with acetic acid. Excess of potassiu® t 

chromate is added and solution boiled and allowed to stand overnight. The precipitated lea¢ 
t 


The lead chromate readily dissolves in HCl and the lead may then be estimated by adding . 
excess of potassium iodide and titrating the iodine liberated by the action of the chr fa ( 
with 0.005 N sodium thiosulphate. ti 
Pb (NO,)2 + K,CrO, = PbCrO, + 2KNO, p 
2PbCrO, + 16HCl] + 6KI = 2PbCl, + 2CrCl, + 6KC] + 31, + 8H,O D 
6Na,S8,0, + 31, = 6NalI + 3Na,S,0, b 
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COLORIMETRIC 


The lead chromate was dissolved in HCl, 1 ¢.c. of a solution of S-diphenyl carbazide in 
glacial acetic acid and the whole solution diluted to a given volume and determined colori- 
metrically. 


Recently, the Department of Agriculture has made a rather extensive study 
of the determination of lead in foods. Their methods have been described and 
it is of particular interest to refer to this development because of the fact that 
there are six methods for the determination of small quantities of lead described. 
These methods are presented in the order of their development and their prac- 
ticability increases with the development. The limiting factors of the eleetro- 
lytic separation and the iodometric determination of lead are the magnitude of 
the anode or oxygen ‘‘blanks’’ and the accuracy of the iodometrie titrations. 


DISCUSSION 


The small amount of lead present in biologic materials requires careful 
technic and special precautions so that no contamination will occur. The 
amounts of lead which may be introduced in reagents and apparatus, although 
small, become of importance when compared to the amount of lead actually 
present in biologie material. In all of the work blank determinations on 
reagents and apparatus have been made. In our earlier work a quartz 
crucible was used but because of the great number of determinations which were 
carried out this was abandoned in favor of the Coors porcelain crucible which 
was found to contain no lead. <A blank is carried out with each set of deter- 
minations to eliminate any possible contamination from this source. In our 
research the only reagent in which traces of lead were sometimes found was 
the sodium hydroxide. It was found that the Whatman filter paper was very 
satisfactory and contained no lead when carried through the procedure as 
outlined in the first part of this paper. The usual precautions are taken when 
ashing in regard to excessive heating. Complete drying of specimen before 
ashing is essential. The adjustment of acidity by means of methyl orange 
is carefully carried out because of the danger of a loss of lead in this step of 
the method. The hydrogen sulphide is obtained from the Ohio Chemical Com- 
pany. The usual precautions in regard to the preservation of the sodium thio- 
sulphate solution are followed. Lead, like other metals, finds certain areas of 
maximim deposition. Likewise, it is a well established physiological fact that 
the patient who retains metals is the one who shows the most clinical symp- 
toms he optimum condition in every patient is that in which the output is 
equal the intake. It is the metal which circulates through the blood and 
bathes ‘he various tissues which causes the greatest injury—whether it is 
express in terms of metabolic dysfunction or neurological manifestations. 


Vonseq: ently, examination of blood, urine, and spinal fluid is the most impor- 


tant mo'e of attack. The examination of the skin alone for lead is a very 


poor ex \ise for a diagnostic procedure. Quantitative distribution of phos- 
phates 


icates that three-quarters of the total amount in the body is in the 
bones 


he museles contain more than the combined total of the central 


hervous system, skin, liver, and kidneys, thus producing sufficient evidence 
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of the inability to place very much diagnostic value on skin tests for lead. 


Lead, for the most part, replaces the calcium in the phosphates. The accuracy 






and value of the spectrometric method is yet to be established even though 






the results from day to day are uniform. Such is not the relation in the 






human economy. 






Some procedures of analysis use the method of wet ashing. It is our opinion 





that this is not as satisfactory as the procedure of slow and careful dry ashing 





at a low temperature. It, however, is an important item in connection with 






the interfering substances which may occasionally play a part in the deter- 





mination of lead. The addition of any type of reagent to the specimen always 






raises a question as to the purity of the reagent in respect to lead as well as 






the interfering substances. The character of the interference also plays a 
part in the determination of lead. This is illustrated in Table IIT. It will be 







TABLE IV 






RECOVERY OF LEAD IN URINE BY COLORIMETRIC METHOD 




































LEAD ADDED LEAD FOUND ERROR LEAD ADDED LEAD FOUND | ERROR 
MQ. MG. MG. MG. | 
0.05 0.04 0.01 0.25 0.19 —0.06 
0.10 0.07 -0.03 0.25 0.17 0.08 
0.10 0.06 -0.04 0.25 0.22 —0).03 
0.10 0.06 0.04 0.25 0.20 —0.05 
0.10 0.07 0.03 0.25 0.23 -0.02 
0.10 0.06 0.04 0.25 0.22 -0.03 
0.10 0.08 0.02 0.25 0.19 0.06 
0.10 0.08 0.02 0.5 0.39 0.11 
0.10 0.08 —~),02 0.5 0.45 | —(0).05 
0.10 0.09 0.01 0.5 0.39 —0.11 
0.10 0.08 0.02 0.5 0.45 0.05 
0.10 0.06 0.04 0.5 0.38 0.12 js 
0.10 0.07 0.03 0.05* 0.021 | 0.029 i 
0.25 0.22 —0.03 0.05* 0.021 0.029 2 t! 
0.25 0.19 0.06 0.10* 0.064 0.036 ; n 
0.25 0.18 0.07 0.10* 0.059 0.041 7 
0.25 0.23 0.02 0.15* 0.134 0,016 I 
0.25 0.21 0.04 0.20* 0.16 0.04 n 
0.25 0.20 0.05 0.20% 0.125 0.075 
0.25 0.19 0.06 0.25* 0.13 0.12 I 
0.25 0.22 —0.03 0.25* 0.202 0.048 
* Determinations carried out by one person. e( 
. , a I al 
noted that the same amount of lead was added to the specimen of urine. 12 2 
addition, copper, iron, zine, mereury, and bismuth were added in order to dis- 0 
. u 4 , ¢ 
cover the effect upon the determination. The composite sample of urine gave 4 a 
negative value for contained lead. It is apparent that bismuth and copper e 
are substances which interfere most seriously with the method. The recovery a 
values in Tables I, II and IV represent the composite efforts of six technicians wi 
employing the methods used in our laboratory. It is quite apparent that if he 
there is an error in reporting the values, it is on the negative side; 1-¢., the oe 
values may be too low. The microburettes employed throughout this work ho 
have been carefully calibrated and corrections made. All solutiots and i. 
Jey 


reagents are regularly checked for contamination. The colorimetric pr: -edure 
proved inadequate for our needs. The time involved in making up the various 
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standards for comparison was too great. We also felt that we could not ob- 
tain the same accuracy with this method as with the titrimetric determinations. 


SUMMARY 


The previous tables have indicated that the volumetric method for the de- 
tection of minute quantities of lead can be used in examining biologic speci- 
mens. The tables clearly indicate the extent and conditions to which this 
method may be employed. The method is applicable in detecting lead in 
amounts varying between 0.02 and above 0.50. The accuracy decreases as the 
larger amounts of lead are found. Tables I and II indicate the range of the 
method described. 
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FRACTIONAL URINE (DIABETIC) CHART* 
Davip W. Kramer, M.D., PHILADELPHIA, Pa, 


N MANAGING a case of diabetes, daily supervision of the diet, urinary find- 

ings, insulin dosage and its administration, weight, blood chemistry, ete., 
is necessary. To facilitate matters, the Joslin diabetic chart was devised, 
thereby permitting one to obtain considerable information without turning over 
numerous treatment sheets and laboratory reports. Recently, the importance of 


frequent urinalysis has been stressed. While the twenty-four-hour urine speci- 


men no doubt tells exactly how much glucose is being excreted, it does not, 
however, give all the information that is desired. 

In certain cases, such as postoperative diabetics, patients with impending 
coma, or where severe forms of diabetes exist and require immediate stand- 
ardization, 


there is a necessity for more frequent observations. The ideal 
method 


would be to have regular periodic analyses of the blood and urine. 
On occasions, there is difficulty either in obtaining the blood or facilities do 
hot permit frequent blood tests for sugar. However, there should be no diffi- 
culty in arranging for urinalyses every two hours or whenever a specimen is 
obtainable. In this manner we may learn how the patient tolerates the meals, 
Whether or not the insulin administered is sufficient to take care of the added 
load of ‘arbohydrates, and, if there is a ‘‘spill over,’? where and when it 
sceurs. [he fractional method of urinalysis can be instituted at the patient’s 
home or in the hospital. Nurses are taught how to test for sugar and are en- 


—_— 


Jew! a the Medical Department of Jefferson Medical College and the Diabetic Clinic of 
FWish H ital. 


Rece'ved for publication, May 1, 1934. 
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couraged to make these examinations, not to send the specimens to the labora- 
tory. The results are to be recorded promptly on the chart so that they are 
available whenever the physician-in-charge visits the patient. 

It is not my intention to dilate upon fractional urinalysis, but merely to 
mention briefly its advantages and its practical application. To simplify mat- 
ters and avoid the necessity of keeping an extra record, the author has ar- 
ranged the fractional urine (diabetic) chart so that all the necessary informa- 
tion can be seen at a glance. There should be no difficulty in keeping these 
records. They are sufficiently complete for practical purposes. 

These records will be found to be particularly useful in standardizing 
young diabetics, early severe cases, impending coma, postoperative diabetics, 
and in patients where there is difficulty in obtaining blood or where blood 
tests cannot be carried out. 

Its advantages are: 

1. Time saving, avoid the necessity of searching through many pages of 
the record. 

2. It gives an opportunity to regulate the dosage of insulin. 

3. It permits us to properly distribute the doses and to administer the 
insulin at periods where it will do the most good. 


A RAPID METHOD FOR THE DEMONSTRATION OF NEGRI BODIES* 


JAMES R. Dawson, Jr., M.D., NASHviILuE, TENN. 


ECAUSE of the familiarity of most pathologists with the various methods 

which have been deseribed for the demonstration of Negri bodies in brain 
tissue no space will be devoted to a summary of the literature on this subject. 
So much work has been done and the methods have evolved so gradually that 
it would be impossible to acknowledge all of the contributions which have 
been responsible for the development of the procedure to be described. It 
is thouvht that this method is deserving of publication because of its simplic- 
ity and practical value. 

The brain of the animal to be examined is taken out as soon after death 
as possible and several small segments of Ammon’s horn are removed and 
placed in a Petri dish., These sections are cut so that they measure 3 or 4 mm. 
in thickness. The eut surface is of course perpendicular to the long axis of 
this structure. In removing these segments the tissue adjacent to the hip- 
pocamp:' fold should be trimmed off so that the horn alone is saved. Other 
Portions »f the brain of approximately the same thickness may be used also 
but in th laboratory Ammon’s horn has been found most satisfactory because 


ee 


°F: the Department of Pathology, Vanderbilt University Medical School. 
Rece\.ed for publication, July 6, 1934. 
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of the abundance of ganglion cells and the regularity with which these cells 
are involved in animals dead of street rabies. 

One of these small segments of Ammon’s horn is then placed, one of the 
eut ends down, on the smaller end of a new one-inch cork. Using a wooden 
applicator or a match, the superficial white matter, ependyma and other 
peripheral tissues are gently wiped downward and outward over the adjacent 
surface of the cork. This procedure attaches the tissue more firmly to the 
cork, pulls the white matter and ependyma downward and causes the gray 


matter to bulge upward. 














—Ganglion cell with vacuolated Negri body. 














Fig. 2.—Ganglion cell showing nuleus, nucleolus, and at right Negri body 


A thoroughly cleaned glass slide held at one end by the thumb and fore- 
finger is pressed gently against the segment of the horn and then raised. The 
slide should be held as nearly as possible at right angles to the segment of 
brain. The procedure is repeated 3 or 4 times on each slide starting at the 
end of the slide away from the fingers. This should be done rapidly so that 
the tissue does not dry. The slide is immersed quickly in absolute methy! 
aleohol where it is allowed to remain for five minutes or longer. Severa! slides 


are prepared in this fashion. It is necessary to increase the pressure s\ightly 
for each successive slide. It is advisable also to wipe the white matter dow! 
on the cork again if several slides are to be made. It is absolutely essential 
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that the slides be clean and entirely free from grease and dirt. If this pre- 
caution is not observed the preparations will be quite poor or worthless. 

After fixation in alcohol the slides are rinsed in running water and stained 
with a 2 per cent aqueous solution of phloxine for two to five minutes. The 
excess Stain is washed off in running water and the preparation is then 
stained in Loefiler’s alkaline methylene blue for ten to twenty seconds. For 
the sake of convenience and safety the slide is handled with a pair of intestinal 
clamps. The slide is then decolorized in 80 per cent alcohol, dehydrated by 
passing through 95 per cent alcohol and two changes of absolute alcohol, 
cleared in xylol and mounted in balsam. In this laboratory wide mouth, glass 
stoppered bottles are used as containers for the alcohols and xylol. The slide 
held in the blades of the intestinal forceps is then passed from one to the 
ether. This not only facilitates the manipulation of the slide but reduces the 
danger of contaminating the hands. 

During this procedure the film will appear brilliant pink after staining 
with the phloxine. Then after staining in methylene blue it appears dark 














Fig. 3.—Higher power showing Negri body with inner structures in vacuoles. 


blue or bluish black. The preparation should be left in the aleohol for several 


minutes, and should be decolorized until only the faintest tinge of blue and 


pink is seen when the slide is held against a white background. There is 
very little danger of carrying the decolorization too far. The longer they 
are allowed to remain in alcohol the more brilliant the blue becomes. For this 
reason it is advisable to overstain the film with phloxine and methylene blue 
so that the process of decolorization and dehydration will not have to be 


rushed. If the staining times indicated are observed the films will be slightly 


overs! ained. 

Examination of the finished slide with the naked eye against a white 
backround will reveal a thin bluish line which is composed of ganglion cells. 
There is of course quite a bit of distortion of normal relationships but one 
will be surprised to see how well they are preserved. When examined under 
the m roseope the pyramidal cells are easily distinguishable from the cells of 
the Stratum oriens and elial cells. In satisfactorily prepared films the cyto- 
plasm of the pyramidal cells and their processes are well preserved. They 
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stain a clear bright blue. The nucleus is also well preserved. Its chromatic 
material stains pale blue. The nucleoli are large, dense and bluish black. If 
the decolorization is incomplete these portions stain purple rather than blue 
and appear muddy rather than clear. It is certain that the cells are more 
easily studied in those preparations in which the cytoplasm is a bright, clear 
blue. The degree of decolorization of those elements which take the phloxine 
is of considerable importance. It is possible to remove all the stain from the 
red cells and still leave the Negri bodies deeply stained. However, it is also 
possible to destain the Negri bodies completely. Before one has become en- 
tirely familiar with the method, it is best to decolorize the films until the red 
blood cells stain pale pink. In such preparations the Negri bodies are easily 
distinguishable. 
In these preparations the smaller Negri bodies stain brilliant red and 
appear homogeneous and refractile. The larger bodies have a brownish tint. 
Within them one sees well-defined pale bluish vacuoles and dense blue black 
granules. The reddish brown matrix of the larger bodies also appears re- 
fractile. In satisfactory preparations it is quite easy to show that these bodies 
are definitely intracytoplasmic. Of course in most preparations many of the 
Negri bodies are not in the cytoplasm. However, even in such cases they can 
be differentiated or identified with some certainty. 

With a little practice it is possible to prepare and stain the films so that 
the red cells are hardly visible while the Negri bodies stain bright red or 
reddish brown. Even under low power they ean be recognized with some 
certainty because of their sharpness and refractivity. The stain which the 
Negri bodies take is of course dependent upon the length of staining and 
degree of decolorization. If they are not slightly overstained and allowed 
to remain in the alcohols for quite a while it may be impossible to make out 
their inner structure. Even then little difficulty is encountered in identifying 
them. Of course for careful study of the bodies it is important that their 
inner structures be properly stained and differentiated. 

In this laboratory it has been observed that if Negri bodies can be found in 
Zenker’s fixed paraffin sections stained by the carbolaniline-fuchsin-methylene 
blue method of Goodpasture or any other stains they can also be observed in 
preparations of the type described in this paper. 

In some instances it has been found that the Negri bodies are more obvious 
in the film preparation than in fixed sections. It is certainly true that they 
are more easily demonstrable by this method than they are in rapid paraffin 
sections of fixed brain tissue. 

This method is not suggested as a substitute for the routine section 
methods of fixation and staining. At the time tissues are taken for film prepa- 
rations, blocks are also fixed in Zenker’s solution and run through so that m 
case no Negri bodies are found in the former they may be searched for in 
the latter. It is believed that Negri bodies can be demonstrated in film prepa 
rations of Ammon’s horn of animals dying of street rabies if it is possil'e to 
The method just described, in lud- 


— 


demonstrate them by any other method. 
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ing the microscopic examination, may be completed in twenty-five minutes 


from the time the incision is made in the scalp to remove the brain until the 
diagnosis is made. 
CONCLUSIONS 
1. A rapid and satisfactory modification of the impression method for 
diagnosis of rabies is described, with a staining technic employing phloxine. 
2. It is judged that this method is practically as accurate as the routine 


tissue section methods. 
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GLUCOSE TOLERANCE, In Children and Adolescents, John, H. J. Endocrinology 18: 
75, 1934. 










This study represents an analysis of the results of glucose tolerance tests in 192 chil 


dren. The results have been compared with those obtained in a study of approximately 






1,500 adults. Normal curves were obtained in 82 per cent of the children as contrasted 






with only 62 per cent in the adult group. There was a low incidence of diabetic curves 






in the first four decades, after which the rise was more abrupt with the peak in the seventh 






decade. 







There was no appreciable difference between the normal fasting blood sugar level in 


children and in young adults; the values fluctuated between 60 and 120 mg. per cent, al 





though most fell between 71 and 110 mg. per cent. 






Among the patients was a group of 25 children in whom diabetes developed within 





four to thirty days following severe infections. The data from these indicated that in 






fections may produce temporarily decreased glucose tolerance and also may play a definite 






and considerable part in the production of permanent diabetes in children. 






In 52 children with glycosuria, 33 per cent showed a diabetic type of glucose toler 





ied 
of 


per cent, showed 





ance curve. Similarly, in a series of 337 adults with glycosuria, 125, or 





a diabetic type of curve. 






Only three of 17 children with hyperthyroidism showed a diabetic type of curve 





This contrasts with the finding of 63.5 per cent diabetic curves in a group of 239 adults 






with hyperthyroidism. 






Of 14 obese children, only two showed decreased sugar tolerance in striking con 





trast to the findings in 172 obese adults, 113 or 65.6 per cent of whom showed a diabetic 






type of curve. 






Some workers tend to minimize the importance of decreased sugar tolerance in chil 





dren, regarding it as the result of various factors, but this finding should never be dis 






regarded, for only by continued study of these children will the true significance of de 






ereased sugar tolerance be revealed. 






A-DINITROPHENOL, Detection and Estimation of, A New Drug for the Treatment of 
Obesity, Bollinger, A. Med. J. Australia 1: 367, 1934. 









Despite the reports illustrating the toxic and even fatal effects of a-dinitrophenol, 





its recent use in the treatment of obesity will, without doubt, be followed, indeed, has 






already been followed, by its indiscriminate use by the laity without medical supervision. 






It may also be expected that, openly or secretly, it will soon form part of the proprietary 





products sold for the self-treatment of obesity. 





The tests devised and described below for its detection in urine and blood are ap 





plicable to cases of suspected poisoning with this drug: 





The tests are based upon the fact that 2:4 dinitrophenol forms very readily with 
mply 





methylene blue an addition compound similar to that formed by picrie acid. By 
adding a solution of methylene blue to a solution of dinitrophenol methylene blue, dim 
trophenolate is obtained, which crystallizes in fine bronze-colored needles. This com)»oun¢ 








is sparingly soluble in most solvents to form a green solution. Its solubility in chloro 
form is greater, but considerably less than that of the corresponding picrate. The prac 
tical application of this reaction in the detection of a-dinitrophenol is as follows: The 
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asidified solution is extracted with chloroform and to the neutralized chloroform extract 
a dilute solution of methylene blue is added. If dinitrophenol or a similar compound is 
present, the chloroform extract will become green. 

The methods follow: 

Urine—-In a separating funnel a volume of urine (20 ¢.c., if available) is acidified 
with one-tenth of a volume of 70 per cent sulphuric acid. It is then extracted by gentle 
shaking for about three minutes with half its volume again of chloroform. If possible, 
permanent emulsions have to be avoided. However, if after some standing sufficient chloroform 
does not separate out cleanly, the chloroform has to be separated out by centrifugation. 
Then about 10 ¢.c. of the chloroform extract are transferred to a test tube containing 
a gramme or so of calcium carbonate. The contents are mixed well and 0.0001 N methylene 
blue, chemically pure (about 0.004 per cent) is added in very small drops. 

The mixture is well shaken after every drop till the first change of color of the 
contents occurs. It is then filtered through a dry filter into another test tube, an equal 
amount of distilled water is added, it is shaken well again and the water is removed. 
If the chloroform shows a distinct green color which cannot be extracted by further wash- 
ings with water, a-dinitrophenol is present in the urine. If there is any doubt, some of 
the chloroform extract may be concentrated by evaporation in order to intensify the color. 

If dealing with amounts of dinitrophenol up to one milligram per centum in urine, 
the application of the precautions mentioned will be necessary, because some substance 
present in normal urine in small amounts and extracted by chloroform seems to form 
with an excess of methylene blue a bluish compound, which may easily be misleading. 
Therefore, for the detection an excess of methylene blue has to be avoided. But after 
the presence of dinitrophenol has been established by the typical greenish color of the 
chloroform extract, more methylene blue may be added either to get an approximate 
idea of the amount of the drug present or to perform an actual quantitative estimation 
by the technie which will be described below. Doubtful results with regard to the pres 
ence or absence of the drug may be compared with those obtained with urine treated simi- 
larly, which are known to contain no dinitrophenol. With amounts above one milligram 
per centum the results are beyond doubt. 

Blood.—Serum acidified with a few drops of sulphuric acid is thoroughly shaken with 
an equal amount of chloroform. Then the mixture is centrifuged and the chloroform ex 
tract is pipetted off and filtered through a dry filter into a test tube containing some 
calcium carbonate. Then 0.0001 N methylene blue is added in small drops till the mix- 
ture begins to change color. After filtering again, the presence of dinitrophenol is in- 
dieated by a green tint of the chloroform extract. 

Solutions—A known amount is dissolved in 5 per cent sodium hydroxide. After 
the solution is acidified with 70 per cent sulphurie acid, the dinitropbenol is extracted 
with several lots of chloroform. The combined chloroform extracts are treated with 
caleium carbonate, filtered and made up to a known amount. An aliquot part of the 
chloroform extract is transferred to a separating funnel and 0.0001 N methylene blue is 
added from a buret. The methylene blue combines with the dinitrophenol to the chloro- 
form soluble methylene blue dinitrophenolate. Therefore, on extraction the watery layer 
originally containing the methylene blue turns yellow, while the chloroform takes on a 
green color, The end-point is reached when the watery layer becomes colorless, For 
practica 
fresh ¢] 


easons the appearance of the first tint of blue which cannot be extracted with 
roform is regarded as the end-point. In other words, when one has reached 


a definite end point, the dark green chloroform must be discarded and the watery layer 


must be oxtraeted with fresh chloroform. It will then usually be found that the end-point 


has not been reached and more methylene blue has to be added, followed by further 


with fresh chloroform. As already mentioned, the solubility of the methylene 
‘phenolate in chloroform is comparatively small and it is practicable only for 
to about 10 mg. of dinitrophenol to be determined by this procedure. If deal- 
rger amounts, it is recommended to precipitate all of the dinitrophenol with a 
s of 0.01 N methlyene blue and to determine the excess of methylene blue as 


extractio; 
blue din 
amounts 
ing with 
small ex, 
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described in a previous publication. (The Volumetric Determination of Methylene Blue 
and Picrie Acid, Bollinger, A. Prac. Ray. Soc. New South Wales, 67: 240, 1933. Not avail- 
able for abstract.) 

As already mentioned, the test described is not specific for 2:4 dinitrophenol. A simi 
lar compound is given by 2:4:6 trinitrophenol (picric acid), and this could be differentiated 
from the dinitro compound by the considerably greater solubility in chloroform. In genera] 
it seems that all polynitro derivatives of phenol and naphthol with a nitro group in ortho 
position to the hydroxyl group form with methylene blue an addition product which dis 
solves in chloroform with a green color. 


POLIOMYELITIS, Acute, Therapy by Blood Transfusions From Immune Donors, Sherman, 
I. Am. J. Dis. Child. 47: 533, 1934. 


Seventy-one cases of acute poliomyelitis in which transfusions from convalescent 
donors were given are reported. 

The results obtained are compared with those observed after injection of convalescent 
serum and those reported in other statistics during the same epidemic. 

Transfusions from immune donors decreases the mortality, and if given during the 
preparalytic stage decreases the incidence of paralysis. It favorably influences the course 
of the infectious symptoms and is conducive to an almost critical improvement of the 
patient in the majority of cases. 

Transfusion from immune donors appears to be the method of choice in the treatment 
of acute poliomyelitis. 

It is suggested that health authorities or a central bureau provide for registration 
of convalescents in order to have donors available at the time of a new epidemic. 


AGGLUTININS, In Mother’s Blood, Baby’s Blood, Mother’s Milk, and Placental Blood, 
Toomey, J. A. Am. J. Dis. Child. 47: 521, 1934. 


The placental blood of human infants contained agglutinins against the enteric group 
of organisms. In the specimens examined the agglutination titer usually did not go 
beyond 1:40, but occasionally it reached 1:80. 

The mother’s first milk and the specimen of blood taken from the infant ten days 
after birth showed a marked and about equal increase in agglutinins as compared with the 
placental blood from the same patient. 

In the specimens examined, the mother’s serum always contained massive agglut 
against the enteric group of organisms. 

In the human being, a small amount of agglutinins against enteric organisms passes 
+} 


through the placenta. The later acquisition of an increased amount as shown by 
agglutination titer is probably brought about by absorption from ingested milk. 


EDEMA, Concentration of Serum Protein in Different Types of, Hand, H. M. Arvehi. Int 
Med. 54: 215, 193 
Normally plasma contains from 6.2 to 8 gm. of protein per hundred cubic centimeters 
of which from 3.6 to 5 gm. is albumin and from 2 to 3.5 gm. is globulin. The albums 
globulin quotient is from 1.2 to 2.2. 


Low levels of serum proteins and resulting edema may be found in a va 


clinical conditions and may be due to a number of causes such as: (1) insufficient ™ 


take of protein due to an inadequate diet: (2) excessive loss of protein due to proteinuria, 
diarrhea or hemorrhage; (3) excessive metabolic wastage or destruction of protein due ™ 
chronic infections or cachectic states; (4) inadequate formation of proteins or 
assimilation. The various clinical conditions in which low serum protein levels an edem4 
appear owing to one of the aforementioned causes are discussed. 

As the serum protein levels fall, edema usually appears when the prote no tot 
reaches 5.5, 0.3 gm. per hundred c.c. or when the albumin reaches 2.5, 0.2 gm. Tiese 8% 





roup 


go 
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frequently called the critical levels since they are the levels at which edema usually ap- 
pears and at which the hydropigenous tendency is most easily affected by other factors 
such as the intake of sodium chloride. 

Deficits of serum protein fall principally on the albumin fraction. The globulin frac- 
tion may be normal, decreased, increased slightly as « compensatory effort or increased 
markedly, especially when infection is present. 

The ratio of albumin to globulin is, in itself, probably of little or no importance, 
since an inversion of the ratio due to an increase in the serum globulin has a significance 
entirely different from that of an inversion due to a decrease in the serum albumin. 

The intake of sodium chloride and the electrolytic pattern have an important in- 
fluence in modifying the edema associated with low levels of the serum proteins. 

Low levels of serum proteins, with resulting edema, are best prevented by adequate 
ingestion of protein. The best treatment is by a diet high in protein, restriction of sodium 
chloride intake and at times use of acidifying diuretics, transfusions of blood or plasma 


and intravenous administration of acacia. 


GONOCOCCI, New Medium for Isolation of ‘‘In Vitro,’’ del Castillo, H., and Herraiz, L. 
Arch. de med., cir. y espeec. 37: 710, 1954. 


There are 500 gm. of beef, deprived of aponeurosis and fat, and 20 gm. of caked 
brewers’ yeast in 1,000 gm. of water left in maceration for fifteen hours. These in- 
gredients are then boiled for fifteen minutes and filtered, enough water being added to 
make the original volume. Then 20 gm. of Witte’s peptone and 0.5 gm. of potassium 
chlorate are added. The pH is then fixed at 7.6 and the preparation boiled again, but 
only for a short time to precipitate the phosphates, and then filtered again. Agar-agar 
is then added in a proportion of 3.5 per cent; that is, 3.5 parts of agar-agar to 96.5 parts 
of the preparation. The preparation is then sterilized for three successive days for thirty 
minutes at a time in high pressure steam. After it is melted at a temperature of 45° C., 
rabbit’s or horse’s blood is added in the proportion of 20 per cent; that is, 20 parts of 
blood to 80 parts of the preparation. The medium is then ready to be placed in separate 
sterile receptacles for use. 


PREGNANCY, Histologic Diagnosis of Age of From Percentage of Erythrocytes in 
Chorionic Capillaries, Ryerson, C. S., and Lanes, S. Arch. Path. 17: 648, 1934. 


Specimens are fixed for sixteen hours in 10 per cent formaldehyde, dehydrated in 
alcohol and chloroform, and paraffin sections (8 microns) stained with H and E. 

The percentage ratio of nucleated and nonnucleated red cells is determined in from 
100 to 200 red cells in the chorionic capillaries. 

If all the chorionic corpuscles are nucleated, the pregnancy is probably not older than 
two months; if more that 1 per cent are nucleated, the age is less than three months; 
ess than 1 per cent of nucleated reds indicates pregnancy more than three months old. 


POLIOMYELITIS, Experimental and Theoretical Basis for Serum Therapy: A Review, 
Harmon, P. H. Am. J. Dis. Child. 47: 1179, 1934. 


An attempt has been made in this review to compile and present in one place the 
*xperienc:s of numerous investigators who have treated acute epidemic poliomyelitis, em- 
phasizing results that have been obtained with various types of serums. Reports of 4,400 


“ases are analyzed in which the patients were treated with serums and compared with 


these were 2,660 cases in which no such treatment was given, the two series occurring 


coincider ly. 
being in 
influence 
analysis, 


Of the treated patients, 2,637 were seen early in the disease, the majority 
he preparalytic stage. It has been pointed out again that evaluation of the 
' @ therapeutic agent in this disease especially must be a detailed and complex 
hich will include variable factors that have been largely ignored until the past 

The presentation of results should be standardized and extended to include 
‘e and extent of recovery of muscular function in the reparative stage, since 


few years 
even the 
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it is not inconceivable that serum or other agents may have an indirect influence even at 
such a remote date. Harmon proposes a standard scheme for the estimation of results 
and has attempted to transfer partially the results of others to the terms of this system, 
The limitations of this presentation are those imposed by the data available. 

Since there is abou® equal experimental evidence in favor of all four types of s 
that have been used, namely, the antistreptococcus horse serum (Rosenow and Nuzum and 
Willy), the antiviral animal serums (Pettit and others) and both convalescent and ‘nor 
mal’’ human serum, only the results that have been actually obtained in clinical trial ot 
these serums can settle the question of the supremacy of one type. 

Early diagnosis and treatment have been held as imperative for success in the serun 
treatment of this disease. The uncertainty of the course of the earliest tvpe of poliomveli 
tis, the preparalytie stage, has been responsible for the apparently brilliant results wher 
treatment has been applied in this stage. The explanation for apparently favorable re 
sults when treatment is applied in the preparalytic stage is probably the fact that many 
rases regarded as preparalytic are in reality nonparalytie poliomyelitis. The author has 
collected the statistics on the fate of 531 untreated patients with preparalytie poliomyeli 
tis; these show that 380 or 71.5 per cent never had paralysis at any time. The outcome 
in patients treated in the preparalytic stage does not differ from the average for w 
treated patients. Recent therapeutic experiments in which convalescent serum was give! 
to alternate patients by Kramer and his associates and by Park support the same co: 
tention, showing no difference in the average outcome in treated and untreated patients 


It has again been pointed out that the nature of the epidemic, the point on th 


epidemic curve when treatment was applied, the age of the patient and the type an 
( 


‘ 
degree of orthopedic after-care are all factors of extreme importance in estimating the 
effect of any program of treatment. In the past these factors have been frequently 
ignored. 

Notwithstanding the total failure of statistical presentations to favor certain types 
of serums, clinical observations that have been almost universally made of rapid symy 
tomatic response to the administration of serum by an immediate drop in temperature ar 
marked improvement in symptoms cannot be totally disregarded. All other forms 
therapy in this disease have been a signal failure, with the possible exception of spina 
drainage. Chemotherapy, medicinal therapy and artificial fever have all been tried with 
out benefit. More data are needed before it can be said conclusively that serum of any 
of the four types is totally without value. There appears to be enough evidenc: 
clinical observation to warrant the continued use of serums in early stages of 


poliomyelitis. 


LEUKOCYTOSIS, After Parenteral Injection of Liver Extract, Meyer, O. O., Middleto, 
W. S., and Thewlis, E. M. Am. J. M. Se. 188: 49, 1934. 


The parenteral administration of concentrated liver extract (Lederle) was 01 
attended by an early fall in the white cell count and a constant subsequent leu 
with increases in total and relative numbers of neutrophils in 4 normal and 35 
individuals. 

The maximal leucocyte count was usually attained 3 hours after the int 
injection of the extract and 5 hours or later after the intramuscular injection. 
intramuscular injection the rise, though less prompt, was better sustained. 

In a patient with chronic leucopenia there was an increase in leucocytes to a 
of 73 per cent above the control period level. 

In a patient with Banti’s disease with leucopenia, leucocytosis was pr 
peatedly by the parenteral injection of liver extract both before and after spl 
Also, a shift to the left in the Schilling count occurred on the oceasion of an int 
injection before splenectomy. This was two days after the intravenous administ 
the same extract. 

Leucocytosis also occurred before and after splenectomy in a patient wit 


hemolytic icterus. 
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Since leucocytosis can be produced by the intramuscular injection of this concen- 
trated liver extract after splenectomy, it would appear that this substance does not pro- 
duce the increase in the leucocytes by inducing splenic contraction, but possibly by a 
stimulation of the bone marrow, directly or indirectly. 

The administration of liver extract to induce an elevation in the white count, at 
least temporarily, is logical. Its efficacy and limitations will be established by a thorough 
clinical trial. 


LIVER FUNCTION, Cinchophen Oxidation Test of, in Pulmonary Tuberculosis, O’Connor, 
J. B., Young, H., Steidl, J., and Heise, F. H. Am. J. M. Sc. 188: 81, 1934. 


Briefly, the cinchophen oxidation test consists in feeding the patient 0.45 gm. of 
cinchophen and determining colorimetrically the output of oxycinchophen in the urine. 
Aceording to Lichtman 100 mg. or less of oxycinchophen are excreted in the urine of 
normal subjects. When an amount in excess of 100 mg. is found in the urine, liver in 
sufficiency is considered to be present, higher figures indicating greater insufficiency. 

Hepatic insufticiency, as indicated by the cinchophen oxidation test of hepatic cell 
function, occurred in more than 90 per cent of a group of consecutive unselected patients 


with pulmonary tuberculosis admitted to Trudeau Sanatorium, 


TUBERCULOSIS, The Frequency of Tuberculous Bacillemia by Lowenstein’s Method, 
Peterson, W. F., and Lederman, I. H. Am. Rev. Tuberc. 30: 103, 1934. 


The authors summarize the developments of methods for the demonstration of tubercle 
bacilli in the circulating blood and report their own experience with Lowenstein’s method: 

In a series of 74 cases of pulmonary tuberculosis attempts to demonstrate tubercle 
bacilli in the blood stream by cultural methods were compietely negative. 


The results of most workers make it apparent that the use of Lowenstein’s method 
is seriously open to question as to efficiency for use in the demonstration of a tuberculous 


bacillemia. 


TUBERCULOSIS, Tuberculous Bacilluria, Montgomery, L. G., and Allen, R. B. Am. Rev. 
Tubere. 30: 92, 1934. 


\ series of experiments was performed for the purpose of demonstrating if it were 
possible to bring about passage of acid-fast bacteria through the normal kidney. 

(wo experiments were carried out first: in one, guinea pigs were given intravenous 
injections of a heavy suspension of Mycobacterium avium, and in the other, rabbits were 
similarly given injections of a heavy suspension of Mycobacterium phlei. The urine of 
these animals was collected by catheterization, examined microscopically, and cultured by 
appropriate means for the demonstration of acid-fast bacteria. From two guinea pigs and 


one rabbit cultures of organisms similar to those injected were obtained from the urine. 


{wo further experiments were performed, similar to the first two, except that the 
humber 


of bacteria was doubled in an attempt to obtain more striking results. The re- 
sults V 


» negative in the case of the rabbits, but 82 per cent of the cultures made from 
the guirea pigs were productive of bacterial growth. 


Finally, a fifth experiment was carried out, similar to the two experiments on guinea 


Pigs except that the urine was collected by aspiration of the bladder at necropsy. <A 
furthe 


ange was made by introducing a group of guinea pigs in which Mycobacterwm 
phlei 


used in place of Mycobacteriwm avium. Positive cultures were not obtained in 
this ex 


iment. Consequently it was considered that the positive results of the first 
“xperim nts were due to contamination of the urine by blood elements which had been 
liberat; through abrasions caused by the introduction of the catheter. 
7 

pig is 1 
presenc, 


iuthors conclude, therefore, that the normal kidney of the rabbit and the guinea 
permeable to the acid-fast organisms used in this investigation, even in the 
tf marked and continued bacillemia. 
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TUBERCULOSIS, The Lymphocyte Reaction in, Wiseman, B. K., and Doan, C. A. 

Rev. Tubere. 30: 33, 1934. 

In this study an analysis of the qualitative changes occurring in the lymphocyt 
which the authors believe reflect directly the functional state of the lymphupoiet 
centers, has been applied to disease. For various reasons tuberculosis, in its experimental 
and clinical phases, furnished the best initial test of this hypothesis. 

In the experimental studies it has been possible to follow in a single animal the 
entire natural history of the disease. A varying efficiency in the response of the lymphati: 
tissues from time to time was reflected by the changes in the circulating lymphocytes, 
which in turn seemed to represent a very fair measure of the adequacy of the genera 
immunological reactions of the animal. A judicious interpretation of both quantitative 
and qualitative data is essential to the fullest understanding. 

A careful selection of patients representative of the various stages of the disease 
has provided a basis for a similar analysis of the lymphatic reaction in clinical tuberculo 
sis. In these studies the lymphatic response has been far more sensitive, and has preceded 
other evidence of a changed status in the disease more consistently than any other 
criterion thus far used. It may thus be of distinct prognostic significance. 

Additional evidence is furnished in these studies of the direct part played by the 
lymphocyte in the cellular defense of the body against tuberculosis. 

It is desirable to have as many criteria as possible in the analysis of any giver 
tuberculous ease, and even so the frequency of unexpected complications always renders 
prognosis hazardous. In a comparative study of a number of different determinations 
upon which reliance has been placed in the past. something more of their relative merits 
has been ascertained. More specifically, the following of the hemoglobin level, a study 
of the quality, ‘‘R’’ versus ‘‘S’’ colonies, rather than the quantity of the acid-fast or 
ganisms present in the sputum from time to time, and the determination of the titer of 
the phosphatide-precipitating capacity of the patient’s blood serum, have yielded much 
valuable information in this study. 

Emphasis, finally, is to be placed upon repeated examinations in the same patient, 
with exquisite technical precision rather than a single casual observation, if the full 
significance of any procedure is to be realized. Tuberculosis ordinarily runs a long chronic 
course with exacerbation and remission and with gradual trends rather than a stationary 
equilibrium. Therefore, a better understanding of the inherent resistance forces, and 
more particularly their full conservation by appropriate adjuvant measures, in the individ 
ual patient, is essential at the present time for the intelligent management of the disease. 


JAUNDICE, Catarrhal, Residual Hepatic Damage in, as Determined by the Bilirubin 
Excretion Test. Arch. Int. Med. 53: 809, 1934. 


Eleven patients who had had catarrhal jaundice within from three months to eighteen 
years prior to the investigation were studied by means of the bilirubin excretion test for 
evidence of residual hepatic damage. It must be emphasized that the original attack was 
free from such complications as acute yellow atrophy of the liver. Nine of the eleven 
patients showed degrees of retention of the injected pigment that varied from 10.7 to ol 
per cent. Six of the nine patients had had catarrhal jaundice within from three to 
eighteen years before the investigation. 

The degree of residual hepatic damage apparently bears no relationship to the sever 
ity of the attack. In view of the response to the test in these cases it is concluded 
that catarrhal jaundice is not innocuous as is commonly believed, since in a good many 
instances an impairment of hepatic function occurs which is permanent. 


METHYLENE BLUE, Intravenous Injection of, in Man With Reference to Its Toxic 
Symptoms and Effect on the Electrocardiogram, Nadler, J. E., Green, H., and Rosel- 
baum, A. Am. J. M. Se. 188: 15, 1934. 


These observations indicate that methylene blue, under the conditions of this study, 


has two actions. The first of these is the oxidation of hemoglobin to methem Jobin. 





sen- 


udy, 
ybin. 


ABSTRACTS 671 


The amount of methemoglobin found immediately following the injection of the average 
therapeutic dose is small. 

The second is that this drug, used intravenously, excites the individual and by its 
rapid elimination into the stomach and urine produces transitory gastrointestinal and 
urinary irritation. The most frequent toxic symptoms observed were restlessness, paresthe- 
sias, a sense of ‘‘burning’’ in the mouth and stomach, a pain in the chest and strangury. 
These manifestations usually subsided in twenty-four to forty-eight hours. Leakage of 
a small amount of methylene blue about the vein gives rise to a very painful infiltration. 

Electrocardiographic studies show that methylene blue produces a reduction in the 
height or even reversal of the T-wave frequently with lowering of the R-wave. This 
suggests depression of the ventricular musculature. 

The amount of methemoglobin found and the subsequent decrease in hemoglobin 
is not of sufficient magnitude to account for the clinical picture described on the basis 
of anoxemia. 

The authors therefore wish to point out that the indiscriminate use of methylene 
blue may produce unpleasant results and be dangerous to the patient. 


HYPERTENSION, Malignant, the Histologic Changes in the Kidneys, Cain, E. F. Arch. 
Int. Med. 53: 832, 1934. 


In a group of cases of malignant hypertension the findings on examination of micro- 
scopic sections consisted in diffuse changes involving glomeruli, tubules, arterioles, arteries, 
and interstitial tissue. The most prominent changes occurred in the arterioles; they con 
sisted in extreme narrowing of the lumen, apparent increase in the numbers of endo 
thelial cells, subendothelial fatty and hyaline degeneration, apparent thickening of the 
tunica media and an increased amount of connective tissue, chiefly in the tunica adventitia. 
The ratios of the wall to the lumen of the renal arterioles were markedly reduced. The 
kidneys were not markedly or uniformly decreased in size. 


WATER ANALYSIS, Comparison of MacConkey’s Bile-Salt Broth and Dominick-Lauter 
Broth in Routine, Raghavachari, T. N. S., and Iyer, P. V. S. Indian J. M. Res. 31: 
735, 1934. 


Parallel tests on 72 samples of water, from different sources, have been carried out 
using MaecConkey’s bile salt lactose broth and Dominick-Lauter methylene blue brom- 
cresol-purple broth respectively as the enrichment and selective media. Comparison in 
dicates that the MacConkey broth test is more sensitive and reliable. 

soth as a selective medium for the presumptive positive test for coli, and as an 
enrichment medium to be followed up by subculture for the study of diserete colonies, 
and classification into coli, aerogenes and intermediates, MacConkey’s broth (1.5 per cent 


bile) retains its position as the most satisfactory medium in water bacteriology. 


GRANULOMA INGUINALE, Sensitization and Antibody Production in, Pandalai, N. G., 
and Nair, V. G. Indian J. M. Res. 31: 731, 1934. 


Employing extracts of tissue obtained from the ulcers of granuloma genitoinguinale 
the evilence for the occurrence of allergic sensitization of the cells was not unfavorable 


in 25 cases while that for the presence of any specific complement-fixing antibody in the 


blood was negative in 11 cases. 
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EDITORIAL 


Dissertation Upon Life in the Laboratory 


(After—quite a long way after 


Ogden Nash.) 


It seems to me that it would not be at all surprising if pathologists were to 


develop, if such a thing were possible, a number of cerebral calluses 


somewhat complicated analuses. 


endless discussion, 


up clinically—(sez you!)—and is without doubt a classical exam] 
whatyoumayeallitis, the laboratory findings are so much at variance with 
the clinical diagnosis. 





In fact, it’s more or less of an oddity 
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When you consider how much of their time is spent in the consideration of 
That they don’t as a rule dismiss the visitor to the lab. with simply a nod at he 
Instead of having to enter upon a long drawn out and sometimes apparently 


Which, strangely enough, seldom leads to signs of cerebral concussion, 
About why, in this particular case which has, of course, been very well worked 


of 
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So that sometimes the pathologist is led to wonder (silently) if the clinician 
may not be suffering from a slight touch of intellectual astereognosis ; 
While at the same time the clinician is thinking that the pathologist, who 

otherwise might have as much personal charm as Aspasia, 

Might not also have some sort of low mental visibility which, if one were 
talking about his walk instead of his talk, might be likened to astasia- 
abasia. 

Yes, indeed, in a manner of speaken, 

It’s a great life—if you don’t weaken! 

So it’s no wonder if pathologists often have a somewhat harassed appearance 
like one who is confronted with a perpetual riddle, 

Or as a man might look if he spent his life on a sort of an intellectual red-hot 
griddle. 

It would not hurt to expend a little sympathy upon the pathologist for many 
and varied, indeed, are often his woes. 

For one thing, it often seems as if the pile of requisitions never gets any 
smaller but always grows. 

Then there’s the nurse, for example, who thinks it is a good idea to order 
everything ‘STAT!’ 

So that she will be sure to have the report when the doctor comes in—even 
if that won’t be for a week from next Thursday—and then he will be 
much impressed with the fact that she is always on the job and super- 
efficient, at that. 

Not to mention the nurse, usually a graduate on private duty, who rushes in at 
1 p.m. to know what the result was in the blood culture taken at 11 o’clock 
that same morning, 

And thereby causes the sudden addition to the language of some very remark- 

able phrases which, however, all die a-borning. 

sut, come to think of it, neither of these has anything on the one who tips 
off the technician that, regardless of what the doctor calls it, she thinks 
it’s pneumonia, 

And, what’s more, she has no intention of killing herself on the case for there’s 
no sense in letting them think they own ya! 


Oh, yes!’ The Resident did a blood count during the night and busted a pipette 





and three of the special cover-glasses for the blood counting slide 
Which really ought to be justification for taking it out of his hide. 
But what’s the use for it’s quite obvious that he has no intention of ever 
being annoyed with any of these minor matters 
But intends, when he goes into practice to leave such things to his hoi polloi 
fraters, 
For, if one can judge from his manner the fact is 
He intends to devote himself entirely to splenectomies or some other highly 
Specialized practice. 
Which may account for his not getting much out of his laboratory service. 
Which he romps through more or less like a bull in a china shop, which is apt 
to make the pathologist somewhat nervous. 
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Dear me! And what can you do with the bottle of urine without any name 
on it or the smear with no requisition to tell you what to stain it for, or 
the small piece of tissue in alecohel labeled ‘‘from Mrs. Blockus,’’ 

Or the man who comes in from the outside with something dried out on a 
small piece of cotton and wants you to make a smear for the gonococecus? 

Of course, it’s a great relief that the Resident who was sent up by the Super 
intendent to have a blood count because he looks pale and she knows he 
has an anemia, 

Turns out to have a hemoglobin and red cell count just a little short of poly- 
eythemia. 


Which gives you the strength to refrain from administering a couple of Kayos 


‘Po the fellow who always wants to know why we can’t do it here the way they 


do it at the Mayos; 

And also to the man who wants the autopsy held over until well after his office 
hours so he ean be present because he is exceedingly interested in the case, 

And then, after arriving even later than you expected, runs off as if he were 
in a race. 

And—oh, well! As has already been said in a somewhat low manner of 
speaken— 

It sure is a great life—if you don’t weaken! 





